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Description 

This invention is In the field of biochemical engineering. More particularly, the invention cone ms stable 
pharmaceutical compositions of biologically active recombinant (nterl6uktn*2 (IL-2) protein which is suitable 

5 for th rapeutic administration to humans. Further, the Inv ntion cone rns processes for preparing and 
formulating such IL-2 compositions. 

Interleuklr)*2 (IL-2), a lymphokine which is produced by normal peripheral blood lymphocytes and 
induces proliferation of antigen or mitogen stimulated T cells after exposure to plant lectins, antigens, or 
other stimuli, was first described by Morgan. D. A., et al.. Science (1976) 193:1007-1008. Then called T cell 

10 growth factor t>ecause of its ability to induce proliferation of stimulated Tlymphocytes, IL-2 modulates a 
variety of functions of imrhune system cells in vitro and in vivo . IL-2 is one of several lymphocyte-produced 
messenger-regulatory rrwlecules that mediate immunocyte interactions and functions. 

IL-2 was initially made by cultivating human peripheral blood lymphocytes (PBL) or other IL>2-producing 
cell lines. See. for instance. U.S. Patent No. 4,401.756. Recombinant DMA technology has provided an 

IS alternative to PBLs and cell lines for producing IL-2. Tanlguchi. T.. et al.. Nature (1983) 302:305-310 and 
Devos. a. Nucleic Acids Research (1983) ri =^07-4323 have reported cloning the humanTL-2 gene and 
expressing it in microorganisms. 

Native human tL-2 is an antigen-nonspecific, genetically unrestricted soluble factor produced by 
erythrocyte rosette positive T celts stimulated with antigens, mitogens and alk>antigens. It is a protein with a 

20 reported molecular weight in the approximate range of 13.000 to 17,000 daltons (S. Gillis and J. Watson, J 
Exp Med (1980) 159:1709) and an isoelectric point in ttie approximate range of pH 6-8.5. Human IL-2 has i 
number of in vitro and in vivo effects including enhancing the proliferative responses of human peripheral 
blood mononuclear cells or murine thyoKJcytes, enhancing the immune response in humarts and In animals 
against bacterial, parasitic, fungal, protozoan and viral infections, and supporting the growth of continuous T 

2S cell lines. 

Human IL-2 has been obtained from genetically engineered E. coli as an unglycosylated protein with 
biological activities equivalent to those of native, glycosylated IL*2. pTaniguchi et al.. Nature , 302 (5906): 
305-310 (March 24, 1983); Devos et al., Nuc. Acids Res. . 11:4307-4323 (1983); Rosenberg et aT TScience . 
223:1412-1415 (1984); Wang et al.. Science . 224:1431-1433 (1984); and Doyle et al, J. Biol. Resp. 

30 Modifiers . 4:96^109 (1985)]. Rosenberg and his co-workers have shown that systemic administration of 
recombinant IL-2 in high doses causes regression of established metastases in mice [Rosenberg et al., J. 
Exp. Med. , 161:1169-1188 (1985)]; and. in conjunction with lymphokine-activated killer cells, in humans 
[Rosenberg et al.. New Eng. J. Med. , 313 :1485-1492 (1985)]. 

U.S. Patent No. 4,518.584 discloses muteins (analogs) of IL-2 in which the cysteine normally occurring 

35 at position 125 of the wild-type or native molecule has been replaced with a neutral amino acid, such as 
serine or alanine. Such muteins possess the biological activity of native IL-2. The patent discloses that for 
therapeutic or diagnostic applications, such IL>2 muteins may be formulated in nontoxic, nonallergentc. 
physiologically compatible carrier media such as distilled water. Ringer's solution. Hank's solution, phys- 
iological saline, and the like. Administration of the IL-2 analogs to humans or animals may be oral or 

40 . intraperitoneal or intramuscular or subcutaneous as deemed appropriate by a physician. The amount of IL-2 
mutein administered will usually range between 1x10^ and 2x10^ units. EP 200.280 (published Oct. 12. 
1986) discloses muteins of IL-2 whereby the methionine at position 104 has been replaced by a 
conservative amino acid. 

Microblally produced IL-2 is not glycosylated and is produced In a reduced state by microorganisms. 
4S When purified and oxidized (cystine form) the mtcrobially produced tL-2s exhibit activity comparable to 
native human IL-2. 

Procedures for purifying native IL-2 from T cells are described by Watson et at.. J Exp Med (1979) 
150:849-861; Gillis et aL, J Immunology (1980) 124:1954-1982; Mochizuki et al.. J Immun Metii (19iB0) 
3^:185-201; Wefte et al.. J Exp Med (1982) 156:454^4: and European published patent applications 92163 

50 and 94317. In general, ttiese procedures involve precipitating proteins from culture supernatants witti 
ammonium sulfate followed by a chromatographic fractionation. 

Commonly owned U.S. Patent No. 4.569.790 to K. Koths et al. describes a process for recovering IL-2 
from an IL-2 producing microorganism whereby the microorganism cell membrane is disrupted, the 
disruptate is extracted with an aqueous solution of a chaotropic agent such as urea, the IL-2 is solubilized 

55 with a surfactant, .g., sodium dodecyl sulfate (SDS). and the IL-2 is separated in th pres nee of a 
reducing agent. 

Purification and activity assurance of precipitated heterologous proteins is also described by U.S. Patent 
Nos. 4,511,502: 4.511.503; 4.512.922; 4.518.526 and 4.599,127; and EP 114.506. 
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Commonly owned U.S. Patent No. 4.604.377 to Femandes et al. discloses a formulation of a purified 
microbially produced recombinant IL-2 in which the IL-2 is admix d with a water soluble earn r. such as 
mannitol. and a sufficient amount of a surface active agent such as SOS or sodium deoxycholate to ensure 
solubility of the recombinant IL-2 in wat r at physiological pH, 
5 Many heterologous proteins are pr cipitated intracellularly in the form of refractile or inclusion bodies 
appear as bright spots visible within the enclosure of the cell under a phase contrast microscope at 
magnifications down to 1000 fold. See e.g.. Miller et al.. Science (1982) 215:687-890; Cheng. Biochem. 
Biopfiys. Res. Comm.. (1983) 111:104-111; Becker et al.. Biotech. Advs. (19W) 11247-261; Kleid et al.. ch. 
2® Developments in Industrial Microbiology , Vol. 25, p. 317-325 (Society for Industrial Microbiology. 
10 Ariington. VA, 1984) and Marston et al.. Blon-echnology (September. 1984). pp. 800-804. 

EP 206.828 (published Dec. 30. 1986) discloses improveid methods for recovering and purifying 
refractile bodies containing recombinant protein. 

Wang et a!.. J. Parenteral. Drug Assoc. . 34. 452-462 (1980) provides a review of excipients and pHs for 
parenteral products used in the United States. A list of solubilizing agents such as detergents and lipids in 
ts use for various drugs is provided in Table I thereof and under section 11 entitled -Solubllizers. Wetting 
Agents or Emulsifiers* of that table, polyethylene glycol 300. polysorbate 20. 40 and 80, and propylene 
glycol among others are listed for a variety of pharmaceuticals. 

U.S. Patent No. 4.645.830 discloses IL-2 compositions comprising a solution with human seru m • 
albumin, and a reducing compound adjusted to a pH range of 3 to 6. 
20 Japanese Kokai Application 61/293926 (published December 24. 1986) discloses interieukln-2 composi- 
tions containing surfactants (Tween® 20. Tween® 80, HCO 60, Brij 35, Triton X-100) as stabilizers. 

Morikawa et al.. Cancer Res. . 47:37-41 (Jan. 1. 1987). reports on the use of Pluronic F-127 gel (a 
polyoxyethylene-polyoxypropylene surface active block copolymer) as a sustained release vehicle for 
topical administration of recombinant interleukin-2. 
26 EP 215.658 (published March 25, 1987) outlines a high pH and a low pH process for recovering and 
punfying lipophilic recombinant proteins such as HIFN-)S and interleukin-2 from host strains to yield a 
protein preparation which may be fonnulated into a stable pharmaceutical composition. Said composition 
carrying a therapeutically effective amount of the biologically active lipophilic protein dissolved in a non- 
toxic, inert, therapeutically compatible aqueous-based carrier medium at a pH of 6.8 to 7.8 also contains a 
30 stabilizer for the protein, such as human serum albumin, human serum albumin and dextrose, and human 
plasma protein fraction. 

EP 217.645 (published April 8. 1987) discloses pharmaceutical compositions containing IFN-iJ or 
interieukin-2 dissolved in a stable carrier medium at pH 7.0 to 8.0 stabilized with sodium laurate. 

WO 87/00056 (published Feb. 15. 1987) discloses phannaceutical compositions wherein recombinant 
55 IFN-^. IL-2 or an Immunotoxin is dissolved in an aqueous canrter medium without the presence of a 
solubilizing agent. Such unconjugated proteins are insoluble in water at pH 6-8 without a solubilizing agent 
The protein is solubilized by selectively conjugating it via a coupling agent to a water-soluble polymer 
selected from polyethylene glycol homopolymers or polyoxyethylated polyols. 

EP-A1-0 233 629 disck>ses the use of compositions for the treatment of viral and cancerous skin 
^ lesions. These compositions consist of pharmaceutically active ingredients, such as interferons or inter- 
leukin. antiviral surfactants and pharmaceutically acceptable carriers. These formulations are suitable for 
topical administrations only. 

EP-A1-0 124 018 discloses compositions of active fibronectin containing a surface active agent such as 
Polysorbate 80 or Polysorbate 20. 
45 FR-A1-2 532 178 discloses compositions containing TNF and non-ionic surfactants such as Tween 20®. 
Tween 80® or Triton X-100®. From the disclosure content of this document H is clear that certain non-ionic 
surfactants such as Tween 80® do not stabilize the activity of TNF. As a result of the disctosure content of 
FR-A-0 532 178 it has to be regarded non-obvious which surfactant is able to stablDze the activity of a oWen 
protein. 

60 There remains a need in the art for formulations of biologically active, recombinant interteukin-2 that are 
pure enough for clinical administration but substantially or totally free of residual strong detergents or 
chaotropes. such as SDS. used In the extraction and purification processes. Further, ttiere is a need for 
formulations that provide alternatives to tiiose containing non-IL-2 protein, such as those containing albumin. 
Further, alternative processes for preparing fomrtulations containing btok)gically active, recombinant 
55 mterleukrn.2 which avoid very high pH ranges are desirable. The instant invention meets such needs. 

The present Invention provides aqueous, stable phannaceutical compositfons of matter suitable for 
parenteral administration to animals or humans comprising a therapeutically eff ctive amount of recom- 
binant interleukin.2(IL-2) protein dissoh/ed in a solution having an inert carrier medium comprising as a 
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solubilizer/^tabilizer an effective amount of one or more biocompatible non-iontc potym ric det rgents which 
is octylphenoxy polyethoxy ethanol compounds; polyethylene glycol nnonostearate compounds: or polyox- 
yethylene sorbitan fatty acid esters. 

Another aspect of this invention cone ms methods of screening for biocompatibi non-ionic poymeric 
5 detergents or combinations of biocompatible non-ionic polym ric detergents for -inclusion as 
stablizer/solubilizers in the pharmaceutical compositions of recombinanit IL-2 (tL-2) described herein. One 
such method comprises the steps of: 

a. passing extracted, partially purified IL'2 in sodium dodecyl sulfate through a desalting column 
equilibrated in a fatty acid salt having from 10 to 13 cart>ons in an elution buffer at a concentration from 

10 5 to 20 mM and at a pH from 8.5 to 9.5 to obtain an eluate of IL-2; 

b. lowering the pH of the eluate to a range of 2 to 4; 

c. centrifuging and filtering to remove the precipitated fatty acid salt: 

d. adding 0.001% to 5% by volume of one or more biocompatible non-ionic polymeric detergents to the 
centrifugate: 

15 e. adjusting the pH of the centrifugate to 3.0 to 9.5; 

f . allowing the centrifugate to stand for ak)out 24 hours at the pH range of 3.0 to 9.5; and 

g. observing visually and by UV scan after 24 hours whether the IL-2 remains in solution. Another such 
method concerns screening of said detergents for Inclusion as solubilizer/stabilizers in pharmaceutical 
compositions of IL-2 wherein the IL-2 has been extracted from a microbial host transformed to produce 

20 said IL-2 and purified by a process wherein the IL-2 is denatured and then renahjred by an effective 
amount of a chaotropic agent, comprising the steps of adding 0.001 % to 5% by volume or weight of one 
or more biocompatible non-ionic polymeric detergents to the extracted and purified IL-2 and observing 
visually after from 4 to 24 hours vtrhether the IL-2 remains in solution at room temperature. 
A still further aspect of this invention concerns methods of preparing stable pharmaceutical compost- 

26 tions of recombinant interieukin-2 (IL-2) protein. One such method comprises the steps of: 

(a) extracting the IL-2 from the disruptate of a host organism transformed to produce the ILr2 protein; 

(b) purifying the IL-2 protein using, as the last step of purification, a desalting step at a pH range of 8.5 
to 10, wherein a fatty acid salt having from 10 to 13 carbons is employed to obtain a desalted pool; 

<c) lowering the pH of the desalted pool to 2 to 4; 
30 (d) centrifuging and filtering the desalted pool to remove the fatty acid saft precipitate; 

(e) mixing the centrifuged purified and filtered interleufcjn-2 in an inert canier medium with an effective 
amount of one or more non-ionic biocompatible polymeric detergents to obtain a formulation; 

(f) adjusting the pH of the formulation to t>etween 3.0 and 9.5; 

(g) adding to the formulation an effective amount of a bulking/stabilizing agent; and 

35 (h) Immediately lyophilizing the formulation. Another method of preparing said compositions comprises 
the steps of: 

(a*) Isolating retractile bodies containing IL-2 from a host organism transformed to produce said IL-2: 
(b*) solubilizing said retractile txxiies by employing sodium laurate; 

(c*) extracting and purifying said IL-2 from the solubilized retractile material employing sodium laurate 
40 as the primary solubilizing agent; 

(d*) lowering the pH of the purified IL-2 to a pH from 3 to 3.5; 

(e*) centrifuging and filtering the purified IL-2 to remove the precipitated sodium laurate; 
(f) adding to the centrifugate containing the IL-2 an effective amount of one or more biocompatible 
non-ionic polymeric detergents; 
45 (g') desalting the centrifugate at a pH of from 2 to 4; 

(h') adjusting the pH of the desalted pool to neutral pH; 

(i*) adding to the desalted pool an effective amount of a bulking/stabilizing agent to obtain a 
formulation; and 

(j*) immediately lyophilizing the formulation. 

50 Figure 1 sequentially Illustrates the steps of a preferred embodiment of the instant invention for 
extracting, purifying and formulating microbially produced lL-2. In this flow chart SDS is employed as the 
primary solubilizing agent during extraction and purification, and sodium laurate is employed as a transfer 
component during desalting on a G-25 column to remove the SDS. PEG (4000) monostearate (0.1%; wt/v) is 
solubittzer/stabilizer and dextrose (5%: wt/v) is the bulking/stabilizing agent 

55 Figure 2 sequentially illustrates a further preferred embodiment of the instant Invention for extracting, 
purifying and formulating microbially produced lL-2 wherein sodium laurate, rather than SDS, is employed 
as the primary solubilizing agent. Triton® X305 (0.1%; v/v) is the solubiltzer/stabilizer in the formulation, and 
mannitol (5.0%; wt/v) is bulking/stabilizing agent. 
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Rgure 3 sequentially illustrates a preferred embodiment of th process illustrated in Figure 4 for 
extracting, purifying and formulating microbiatly produced IL-2 wher in the process compns s denaturing 
oxidized, purified IL-2 by placing ttie IL-2 in a solution of a chaotropic agent (7M guanidtne in 10 mM crtrat 
buffer), removing solids from the solution, thereafter renaturing th IL-2 by r moving th chaotropic agent 
5 and formulating the IL-2 with th non-ionic biocompatibi polymeric detergent Twe n» 80 (0.2%: v/v) and 
sucrose wt/v) as a bulking/stabilizing agent. 

Rgure 4 is a flow diagram illustrating a preferred process of extracting, purifying and formulating 
microbially produced 11-2 according to this invention. 

Rgure 5 is a flow diagram illustrating a preferred process of this invention for extracting, purifying and 
70 formulating microbially produced IL*2 wherein the IL-2 is separated from a cellular disruptate in the form of 
a refractile body, dissofved with a chaotropic agent and oxidized and renatured in separate steps followed 
by purification to a clinically acceptable level and formulation with one or more biocompatible non-ionic 
polymeric detergents. 

The present invention provides aqueous, stable pharmaceutical compositions of matter suitable for 
IS parenteral administration to animals or humans comprising a therapeutically effective amount of recom- 
binant interieukin-2(IL-2) protein dissolved in a solution having an inert carrier medium comprising as a 
solubilizer/stabilizer an effective amount of one or more biocompatible non-k>nic polymeric detergents which 
are octylphenoxy polyethoxy ethanol compounds; polyethylene glycol monostearate compounds; or polyox- 
yethylene sorbitan fatty acid esters. 

20 The term "recombinant lnterleukin-2.'' designated as IL-2, preferably human IL-2. refers to interieukin-2 
having biological activity comparable to native IL-2 prepared by recombinant DMA techniques as described, 
e.g., by Taniguchi et al.. Nature . 302:305-310 11983) and Devos, Nucleic Acids Research . 12:4307-4323 
(1983). In general, the gene coding for IL-2 is excised from its native plasmid and inserted Into a cloning 
vector to be cloned and then into an expression vector, which is used to transform a host organism, 

26 preferably a microorganism, and most preferably E. coli. The host organism expresses the foreign gene to 
produce IL-2 under expression conditions. 

More preferably the IL-2 is a mutein as described in U.S. Patent No. 4,518.584. in which the cysteine 
normally occurring at position 125 of the wild-type or native molecule has been replaced by a neutral amino 
acid such as serine or alanine. Attematively or conjunctively, the IL-2 mutein may be one as described In 

30 EP 200.280. published Decemt>er 10, 1986. in which the methionine normally occurring at position 104 of 
the wild-type or native molecule has been replaced by a neutral amino acid such as alanine. 

Preferably, the IL-2 is a protein produced by a microorganism or by yeast which has been transformed 
with the human cDNA sequence of IL-2 that encodes a protein with an amino acid sequence at least 
substantially identical to the amino acid sequence of native hun^an IL-2, including the disulfide bond of the 

35 cysteines at positions 58 and 105. and has biological activity which is common to native human IL-2. 
Sut>stantial identity of amino acid sequences means the sequences are identical or differ by one or more 
amino acid alterations (deletions, additions, substitutions) which do not cause an adverse functional 
dissimilarity between the synthetic protein and native human IL-2. Examples of such recombinant IL-2 
proteins with such properties include those descrit)ed by Taniguchi et aL, supra: Devos. supra; European 

40 Patent Publication Nos. 91.539: 88.195; 109.748 and 200.280; and U.S. PatentTSI 8.584, supric N-terminal 
deleted muteins of IL-2 wherein the first five (1-5) amino adds are deleted: and bovine IL-2 as described by 
Cerretti et al., PNAS. ^:3223-3227 (1 988). 

The precise chemical structure of the IL-2 protein herein will depend on a number of factors. As 
ionizable amino and carboxyl groups aire present in the molecule, a particular IL-2 protein may be obtained 

45 as an acidic or basic salt, or in neutral form. All such preparations that retain their bioactivHy when placed In 
suitable environmental conditions are included in the definition of IL-2 proteins herein. Further, the primary 
amino acid sequence of the IL-2 protein may be augmented by derivatization using sugar moieties 
(glycosylation) or by other supplementary molecules such as lipids, phosphate, acetyl groups and the like, 
more commonly by conjugation with saccharides. Certain aspects of such augmentation are accomplished 

50 through post-translational processing systems of the producing host; other such modifications may be 
Introduced in vitro . In any event, such modifications are included in the definition of IL-2 protein herein so 
long as the bioactivtty of tfie protein is not destroyed. It is expected, of course, that such modificattons may 
quantitatively or qualitatively affect the bioactivity by either enhancing or diminishing the activity of the tL-2 
protein in the various assays. 

55 The recombinant IL-2s particularly preferred herein are those biologically activ muteins (analogs) in 
which amino acid residues not essential to biological activity have been delit>erately del ted in some 
instances (as indicated below) or replaced with a conservative amino acid. Mor specificalty, pr f nred 
recombinant IL-2s include those wherein the cysteine residue at position 1 25 is replaced with another amino 
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acid, preferably neutral or conservative, to eliminate sites for intermolecutar crosslinking or incorrect 
intramolecular disulfide bond formation; those wh rein the nnethionine residue at position 104 is replac d 
with another amino acid to reduce heterogeneity: those wh r in the IM-terminal alanine r sidue of the native 
counterpart is eliminated; those wherein the first fiv amino acids are deleted; those wh rein the N-terminal 
5 alanine residu is eliminated and th cysteine at position 125 is replaced by a neutral amino acid; and those 
wherein the N-termlnal alanine residue is eliminated, and the cysteine at position 125 as well as the 
methionine at poisitlon 104 are replaced by neutral or conservative amino acids. More particularly, preferred 
recombinant IL-2 muteins in the formulations of this invention are those wtierein the cysteine residue at 
amino acid position 125 of the native counterpart is replaced by a serine residue (designated IL-2ssrt2s) or 
10 alanine residue (designated IL-2o,ai25): those wherein the N-terminal alanine residue of the native counterpart 
is eliminated (designated des-alanyh -IL-2); those wherein the N-terminal alanine residue is eliminated and 
the cysteine at position 125 is replaced by serine (designated des-aJanyHL-2«„25):those wherein the 
methionine at position 104 is replaced by alanine (designated IL-2eiaio4); and those wherein the r4-terminal 
alanine is eliminated, the methionine at position 104 is replaced with alanine and wherein the cysteine at 
15 position 125 is replaced with serine (designated des-alanyh -IL-2aiai04. nri2s)* 

Further, individual amino add residues In the chain may be modified by oxidation, reduction, or other 
derivatization, and the protein may be cleaved to obtain fragments which retain activity. Such alterations 
which do not destroy activity do not remove the protein sequence from the definition. 

The biocompatible non-ionic polymeric detergents of the pharmaceutical compositions of this invention 
20 are non-toxtc surface active agents used in the food, pharmaceutical, and cosmetic Industries and have 
molecular weights in the range of approximately 100 to 250,000, preferably 500 to 100.000. and most 
preferably 1,000 to 5.000 daltons. 

Preferred biocompatible non-ionic polymeric detergents employed as sdubillzer/stabilizers in the 
formulations of this invention are selected from octylphenoxy polyethoxy ethanol compounds, polyethylene 
25 glycol monostearate compounds, and polyoxyethylene sorbitan fatty acid esters. 

Such preferred biocompatible, non-iontc polymeric detergents are selected from octylphenoxy 
polyethoxy ethanol compounds having the formula 



so 



C8Hi7-Q-(0CH2CH2)„-0H 



wherein n is an integer from 15 to 50. more preferably wherein n is an integer from 25 to 45. still more 
preferably wherein n is an integer from 30 to 40. and still more preferably wherein n is either 30 or 40: 
ss polyethylene glycol monostearate compounds having the formula 

0 

40 H-(0CH2CH2)„-0.C-(CH2)ig-CH3 

wherein m is an integer from 10 to 200: more preferably wherein m is an integer from 50 to 150: still 
more preferably wherein m is an integer from 75 to 125; and still more preferably wherein m is an integer 
4S from 85 to 95; and 

polyoxyethylene soriaitan fatty acid esters (polysorbate compounds) having the formula 




CH2{0C2H4)^ 
CH(0C2H4)y0H 



„ .HO(0C2H4)y^ ^(OC2H4)jOH 



wherein the sum of the integers w, x. y and z equals 20 and R is a fatty acid ester radical having from. 
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10 to 20 carbon atoms; more preferably wh rein R is a fatty acid ester radical having from 12 to 18 
carbons; still more preferably wher in R is m r lauric acid ester radical or oleic add ster radical; and still 
more preferably wh rein R is oleic acid ester radical. 

Preferred commercially available octylph noxy polyethoxy ethanol compounds described Imm diately 
5 above as the most preferred species are known by the tradenam Triton® X305 wherein n is 30, and by 
Triton® X405 wherein n is 40. Prefenred polyethylene glycol monostoarate compounds are those wherein m 
is from 85 to 95; more preferred is a polyethylene glycol monostearate compound having a molecular 
weight of about 4000 which is known as Mapeg 4000 (MS). PEG (4000) monostearate or MaPEG. Highly 
preferred polysort>ate compounds described above include polysortiate 20 and poiysortmte 80 compounds, 
10 which are respectively commercially available and known by the trade names, such as, Tween® 20 (wherein 
R is lauric acid) and Tween® 80 or Durfax® 80 (wherein R is oleic acid): polysort>ate 80 compounds are 
preferred stabllizer/solubillzers of this invention and Tween® OD is a preferred commercial source therefor. 

The amphiphilic nature of non-ionic surfactants is often expressed in terms of the balance between the 
hydrophobic and hydrophilic portions of the molecule. An empirical scale of hydrophile-lipophile balance 
16 numbers (HLB) has been devised. An HLB number is a value extending from i to approximately 50, which 
indicates the extent of hydrophilicity or lipophilicity of a surface-active agent The more hydrophilic 
surfactants have high HLB numbers (in excess of 10). whereas surfactants with HLB numbers from 1 to 10- 
are considered to be lipophilic. 

Preferred biocompatit>fe nor>-ionic polymeric detergents in the formulations of this invention have 
20 hydrophile-lipophile (HLB) numbers in the range of from 10 to 40. more preferably from 15 to 30. and still 
more preferably from 15 to 20. 

Triton® X305 has an HLB of about 17.3. and Triton® X405 has an HLB of about 17.9. Mapeg 4000 (MS) 
has an HLB of about 18.7. Tween® 80 has an HLB of about 15. and Durfax® 80 has an HLB of about 17.3. 
Tween® 20 has an HLB of about 16.7. 
26 The above-noted biocompatible non-ionic polymeric detergents are commercially available from the 
following companies: 



30 



3S 



40 



SO 



Triton* X305 and Triton* X405 
Rohm and Haas Delaware Valley Inc. 
5000 Richmond Street 
Philadelphia^ Pennsylvania 19105 

Mapeg 4000 (MS) 
Mazur Chemicals* Inc. 
3938 Porett Drive 
Gumee, Illinois 60031. 



Tween* 20 and Tween* 80 
ICI Americas Inc. 
New Murphy Road & Concord Pike 
Wilmington. Delaware 19897 

Durfax* 80 — 
SOI. DuHcee Foods 
Huntington 81 dg. 
925 Euclid Ave. 
Cleveland. Ohio 44115. 



Further biocompatible non-ionic polymeric detergents having the above-noted parameters can be found 
In editions of hdcCutcheon's Emulsifiers & Detergents published by the McCutcheon Division of MC 
Publishing Co., 175 Rock Road. Glen Rock. NJ (USA). Biodegradable non-ionic polymeric detergents 
suitable as stabllizer/solubilizers of purified IL-2 can be selected for the formulations of this invention by the 
screening procedures outlined below. 

The concentration ranges (volumeArolume for all the detergents except for MaPEG for which the 
concentration is expressed in temns of weightArolume) of the biocompatible non-ionic polymeric detergents 
in the pharmaceutical compositions of this invention are preferably from ak>out 0.001% to about 5%, more 
preferably from about 0.005% to about 3%, and still more preferably from about 0.01% to about 1%. 

If a combination of two non-ionic detergents are used to stabilize/solubilize IL-2 in the pharmaceutical 
compositions of this invention* it is preferred that they t>e In a volume/volume concentration ratio of from 
0.01%:0.75%. more preferably from 0.025%:0.5%. and still more preferably from 0.05%:0.2%. 

It is preferred that the concentration of the IL-2 In the pharmaceutical compositions of ttUs invention k>e 
in the range of from 0.05 mg/ml (of the carrier medium) to 10 mg/ml. more preferably 0.1 mg/ml to 5 mg/ml, 
and still more preferably 0.1 mg/ml to 2 mg/ml. Representative dosage amounts of IL-2 in the pharmaceuti- 
caJ compositions of this Invention in the final container vial are: a high dosage amount of atx>ut 1 mg/ml: a 
nomnal dosage amount of about 0.25 mg/ml; and a low dosage amount of about 0.125 mg/ml. 

The particular biocompatible polymeric non-ionic detergents employed and the concentrations thereof 
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depend mainly on the process used to extract and purify the microbially produced IL-2, th particular IL-2 
protein or analog to be formulated, th concentration of the IL-2, and pH of the formulation. Th optimal 
concentration of the non-ionic deterg nt depends upon the pH of the formulation. In g n ral. the lower the 
pH of the formulation, tfie low r th concentration of the non-ionic det rg nt or deterg nts that is nec ssary 

5 to solubiliz /stabilize the recombinant IL-2 protein therein. Thus, it is preferred that when a lower pH is 
selected for a formulation of this invention, for example, for a pH of 3 to 4, that the non-ionic detergent Is at 
the lower end of the concentration, for example, from 0.005% to 0.02% range: whereas when a higher pH is 
selected -for the formulations of this invention, for example, a pH range from 6 to 7. that a higher 
concentration of the norwonic detergent is employed, for example from 0.05% to 0.2%. 

10 Further, in general, higher concentrations of IL>2 in the pharmaceutical compositioris of this invention 
require higher concentrations of the one or more biocompatible, non-ionic polymeric detergents of this 
invention: wfiereas lower dosage formulations of IL-2 require lower concentrations of the non-ionic deter- 
gents to stabilize an6 solubilize the IL-2 successfully. 

The term "primary solubiliztng agent' herein is defined to mean a so!ut>iliztng agent, preferably, a 

16 detergent and/or chaotrope which Is used to solubilize the IL-2 from the refractile bodies in the abbreviated 
or expanded front-end processes of purifying rlFN-^ as described infra . The primary solubilizing is 
preferably then relied upon to maintain the IL-2 in solution throughout the purification process up to its 
removal, preferably by desalting, and formulation with the non-ionic detergents of this invention. For 
example, a primary solubilizing agent is exemplified by sodium dodecyl sulfate (SDS) in Rgure 1 and by 

20 sodium laurate in Figure 2. 

The term "chaotropic agent" or "chaotrope" herein is defir^ to mean a compound or compounds 
which, in aqueous solution and in a suitable concentration, are capable of denaturing IL-2. Correlatively. the 
term "strongly denaturing concentrations" refers to a solution of a chaotropic agent which will effectively 
"unfold" or denature IL-2. 

26 Guanidlne salts (e.g., the hydrochloride) and alkali metal thiocyanates (e.g.. sodium throcyanate) at 
concentrations in the range of 4 to 9 M. preferably 6 to 9 M, and more preferably about 7 M, are examples 
of chaotror^c agent solutions that will dissohre and denature IL-2. An alternative and less preferred 
chaotropic agent is aqueous urea, 4-8 M. 

The term "oxidized" as used to characterize IL-2 and pmcesses for making same intends IL-2 in which 

30 the disulfide bonding that occurs in native IL-2 is present and processes which promote such k>onding 
without effecting oxidation that does not occur in native IL-2. 

As used herein the term "transformed" in describing host microorganism cell cultures denotes a 
microorganism that has t>een genetically engineered to produce lL-2 that possesses the activity of native IL- 
. 2. Bacteria are preferred microorganisms for producing lL-2. E. coli is particularly preferred. 

35 As used herein, the term "stabilizer/solubilizer* as applieTtolhe recombinant iL-2 formulations refers to 
essentially non-toxic, non-immunogenic compositions which act not only to stabilize the dlafiltered or 
desalted lL-2, preferably desalted IL-2. against denaturation and loss of biological activity, but also to 
solubilize the lipophilic protein in an aqueous medium so that the pharmaceutical formulation constitutes an 
aqueous solution of diafiltered or desalted, preferably desalted. IL-2 protein at pH 3.0 to 9.5. preferably 4-6, 

40 more preferably 5 to 7.5. and still more preferably from 6 to 6.5 from which the protein will not precipitate. 
The stabilizer/solubilizer compositions of this invention are one or more biocompatible, norHonic polymeric 
detergents characterized as described herein. 

As used herein, the term "physiological pH" refers to a pH which is pharmaceuticaliy acceptable to 
mammals. 

45 Neutral pH is herein considered to be a pH in the range of from 6 to 6. 

Afficrobially produced IL-2 is not glycosylated and is produced in a denatured state. It is insoluble and. 
when expressed at high levels, it precipitates intracellularly in tiie form of "refractile" or "inclusion" bodies 
which appear as bright spots visible within the enclosure of the cell under a phase contrast microscope at 
magnification down to 1000 fold. 

60 Recombinant IL-2 to be formulated according to this invention can be extracted and purified from 
transformed microorganisms by any process known in the art which results in the extracted lL-2 being 
purified to a pharmaceuticaliy acceptable level. However, it is preferred that the process used to extract and 
purify the microbially produced IL-2 comprise the steps of treating the lL-2 with a denaturing concentration 
of a chaotropic agent and then treating the denatured IL-2 with a renaturing concentration of a chaotropic 

55 agent. When such a process is used, the extracted and purified IL-2 has improved stability and water 
solubility characteristics, in that, it is more soluble and stable in a pH range of from 5 to 8, ttian is lL-2 
extracted and purified by methods cited in the Background supra or by the proc dures of Example 1 as 
outlined in Figure 1. Thus, when the IL-2 is exUacted and purified according to the preferred processes 
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herein described wherein it is denatured and then r natured with appropriate concentrations of a chaotropic 
agent, the solubilizer/stabittzers of this invention act mora to stabilize the purified IL-2 than to solubtlize it. in 
that the IL-2 in a renatured fomn is essentially soluble at a pH range of 5 to 8; wh reas IL-2 xpressed in E. 
coli and extract d and purifi d according to methods such as that outlined in Rgure 1 , is in a d natur^ 

5 form and is not soluble and stable at such a pH range, and therefore, the solubilizer/stabilizers of this 
invention act both to s olubilize and stabilize such IL-2 compositions. 

Further, the lL-2 extracted and purified according to such preferred processes can be successfully 
stabilized by a wider variety of biocompatible non-ionic polymeric detergents. For example. IL-2 proce|Ssed 
according to Example 1 Is not readily solubilized and stabilized with Durfax^ 80 or Tween^ 20. whereas the 

fo iL-2 extracted and purified according to Example 9, wherein the IL-2 is denatured and then rertatured in the 
presence of respectively decreasing concentrations of the chaotropic agent guanidine hydrochloride, is 
successfully stabilized with Tween9 80 and Tween® 20. . 

Especially preferred, according to this invention, are processes for extracting and purifying IL-2 from 
transformed microorganisms which comprise the steps of denaturing and then renaturing the IL-2 in the 

IS presence of a chaotropic agent. One such process for recovering IL-2 from transformed microorganisms 
containing the IL-2 is that wherein the IL-2 is separated from the bulk of the cellular components of the 
microorganisms. solutMlized in a reduced form, oxidized, and thereafter purified to clinicaJly acceptable 
purity and endotoxin levels. Central to such a process are the steps of denaturing ttie oxidized, purified IL-2 
by placing the IL-2 in a solution of a chaotropic agent, removing solids from the solution, and thereafter 

20 renaturing the IL-2 from the solution. Figures 3 and 4 graphically illustrate such a process, and Example 9 is 
representative thereof. 

Another such process is one in which microbially produced IL-2 is separated from a cellular disruptate 
in the form of a retractile body, dissolved with a chaotropic agent and oxidized and renatured in separate 
steps followed by purification to a clinically acceptable level. Figure 5 illustrates the steps of such a 
25 process. 

More specifically, such a preferred process for recovering purified soluble IL-2 from a transformed 
microorganism containing the IL-2 comprises the following steps: 

(a) disrupting the cell wail and membrane of the microorganism; 

(b) separating water ir^oluble material from the disruptate; 

30 (c) mixing the insoluble material of step (b) at a pH of 7 to 9 with an aqueous solution of a reducing 
agent and a strongly denaturing concentration of a chaotropic agent whereby the IL-2 in the insoluble 
material is dissolved; 

(d) separating the IL-2 containing solution of step (c) from the undissohred portion of the insoluble 
material: 

35 (e) removing the reducing agent from the separated IL-2-containing solution; 

(f) oxidizing the IL-2 in tiie solution whereby the natural disulfide bridge of IL-2 is formed; 

(g) after the oxidation step (0 is complete, diluting the solution to reduce the concentration of chaotropic 
agent in the solution to a level at which the oxidized IL-2 Is renatured and a precipitate forms; 

(h) separating the precipitate from the solution to provide a supernatant; 

40 (j) purifying the oxidized, renatured IL-2 in the supernatant by reverse-phase high periormance liquid 
chromatography followed by removal of residual chaotropic agent and separation of any precipitate 
formed by said removal, or t>y hydrophotMC interaction chromatography followed by ion exchange 
chromatography; and 

(j) recovering a purified oxidized, soluble heterologous human IL-2. 
45 The pharmaceutical compositions of this invention can be in liquid form or lyopNIized. Considered first 
in detail herein are liquid fonmulations. 

The liquid formulations are preferably frozen or stabilized and maintained at a temperature range of 
from -70*C to +10*C. The frozen formulations are preferably maintained at a temperature range of from 
-70 *C to -20 *C. whereas the stabilized liquid formulations are preferably maintained at a normal refrigera- 
50 tion range, preferably from 2* C to + 8* C. 

The liquid formulations of this invention comprise: 

(1) microbially produced. IL-2; 

(2) one or more biocompatible norHonlc detergents; and 

(3) a srhall amount of buffer that maintains the formulations at a physiologically acceptable pH range. 

55 The buffer selected to maintain the liquid formulations at a physiologically acceptable pH range is 
preferably at a concentration from 5 to 50 mM, mor preferably 10 to 20 mM. and still more preferably 
at^out 10 mM. 

The liquid formulations can further comprise an additional stabilizing agent, preferably one or more 
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carbohydrates* and more preferably one or more sugars. Prefen^ed stabilizing agents are selected fronrt the 
group comprising sucrose, fructose, dextrose, maltose, glucose, dextran, mannitol. sorbitol. Inositol, galac- 
titol. xylitol. lactose, and trehalose, preferably sucrose, dextrose and mannitol. and mor preferably dextrose 
and sucrose. Non-cartx>hydrate stabilizing agents can include, for example, human serum albumin (HSA) 
and bovine serum albumin <BSA). Such stabilizing agents are pr ferably in a concentration (weight/volum ) 
range of from 0.025% to 10%. preferably from 0.05% to 7%. and more preferably from 0,1% to 5%. 

The liquid formulations can further comprise a small amount of a preservative to enhance chemical 
stability and an anti-oxidant to counteract the effects of any peroxides potentially present in the commercial 
non-ionic detergent preparations. 

The lyophilized formulatioris of this invention comprise: 

(1) microbially produced, IL-2; 

(2) one or more biocompatible non-ionic polymeric detergents; 

(3) a small amount of a buffer that provides a physiologically acceptable pH range upon reconstitution; 
and 

(4) a bulking/stabilizing agent 

The liquid formulations of this Invention were noted atx>ve to include optionally one or more caribohy- 
drate or non-cartxihydrate stabilizers. The lyophilized formulations, however, require an agent which not 
only can provide some stabilizing effect to the pharmaceutical compositions but also provide bulk to the 
lyophilized product, and such agents are herein termed bulking/stabilizing agents. Such bulking/stabilizing 
agents can be selected from the cartx>hydrate and non-cartXDhydrate stabilizing agents noted atx>ve for 
liquid formulations ond can be at similar preferred concentration ranges. 

Preferably, the bulking/stabilizing agents and buffers are selected for lyophilized fonmulations of this 
invention according to the method by which the IL-2 was extracted and purified in that the choice of such 
metlKxj determines whether the IL-2 to be formulated requires an amorphous or crystalline environment for 
most successful lyophilization. [MacKensie, Bull. Parenteral Drug Assoc. . 20(4):10l-120 (1966) and Macken- 
sie, Develop. Biol. Standard. . 36:51-67 (S. Karger. Basel 1977) discuss in detail amorphous and crystalline 
environments in relation to lyophilization procedures.] For example, H is preferred ttiat IL-2 extracted and 
purified according to the preferred processes outlined above wherein the IL-2 Is denatured and then 
renatured In the presence of a chaotropic agent, more preferably according to the procedures outlined in 
Figures 3 to S. be lyophilized in an amorphous environment: and that the IL-2 extracted and purified 
according to the procedures outlined in Figure 1. be lyophilized in a crystalline environment. 

Preferred bulking/stabilizing agents for providing an amorphous environment comprise polyol sugars, 
preferably, sucrose, dextrose, lactose, maltose, glucose, trehatose. fructose, and more preferably sucrose. 
The most preferred buffer for providing an amorphous environment for lyophilization is citrate which 
provides a pH range preferatMy from 3.0 to 7.0. more preferably from 3.6 to 6.5. Still nwre preferably, 
wherein higher concentrations of the non-ionic detergent solubilizer/stabilizers of this invention are selected, 
the preferred pH range is from 6 to 7. more preferably from 6 to 6.5; arul wherein lower concentrations of 
tt>e non-ionic detergents are selected, the preferred pH range is from 3 to 4. more preferably akxwt pH 3.5. 

For providing a crystalline environment for lyophilization, mann'rtol is a preferred bulking/stabilizing 
agent, and glycine and phosphate, more preferably phosphate, are preferred buffers. 

Further, although less preferred, combinations of a bulklng/stak>itizir>g agent for an amorphous lyophiliza- 
tion environment and a bulking/stabilizing agent for a crystalline lyophilization environment can also in 
certain ratios provide the requisite conditions for successful lyophilization. For example, a combination of a 
crystalline bulking/stabilizing agent, preferably mannitol, and an amorphous bulking/stabilizing agent prefer- 
ably sucrose, in a volume ratio of from 20/1 to 1/1 can provide an adequate lyophilization environment for 
IL-2 which requires an amorphous environment wherein a crystalline plug is formed In the final container 
vial. 

The concentration range for the buffers prefenred for the lyophilized formulatk>ns of this invention are 
the same as the ranges noted above for buffers in the liquid formulations. . 
The lyophilized formulations further can comprise an anti-oxidant. 

Preferred examples of lyophilized formulations of this invention wherein the IL-2 was extracted and 
purified according to procedure comprising the steps of denaturing and renaturing the IL-2 in the presence 
of a chaotropic agent, more preferably according to the procedures outlined in Rgures 4 and 5. are as 

follows: 

1.0 mg/ml lL-2 (preferably des-alai -IL-2); 
0.2% (vol/vol) Tween® 80; 
1 .0% (wt/vol) sucrose; 
10 mM citrate buffer; 
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at pH 6.5; and 
0.02% (voWol) Twe n® 80; 
1.0% (wtA^I) sucrose; 
10 mM citric acid: 
5 at pH 3.5. 

Many of the methods used for the recovery of recombinant proteins, such as bacterially produced IL-2, 
utilize SDS or similar surfactants lor the solubilization and isolation of the protein from the cellular material 
and subsequent acid precipitation to obtain the protein. By further purification techniques carried out. at or 
near neutral pH. the SDS levels in the final protein preparations are reduced to about 0.1%. Further removal 

10 by diafiltration or desalting techniques in the 3-8 pH range does not follow first-order, kinetics due to protein- 
SDS interactions ¥vhich significantly affect the kinetics of SDS removal. It was found that SDS removal from 
recombinant proteins promotes protein-protein interactions at the range of 3-8 that results in aggregation or 
precipitation of the protein and consequent loss of activity. 

Orte solution to the problem of such aggregation and precipitation during SDS removal is described in 

rs U.S. Patent No. 4.462.940. That procedure uses a high pH range (10.5 to 12.5) during diafiltration and 
desalting. 

The formulations of this invention are preferably prepared by processes designed to avoid conditions of 
strong alkalinity. Preferred processes descrit)ed above for extracting and purifying IL-2, wherein the IL-2 is 
denatured and renatured in the presence of a chaotropic agent, avoid high pH ranges and allow for the 

20 formulation of the IL-2 at or about neutral pH or at lower pH ranges. When such preferred processes are not 
used, and instead a process such as tfiat exemplified in Rgure 1 is used, it is preferred as another aspect 
of this invention, to avoid high pH diafiltration or desalting conditions, to employ a milder detergent or 
chaotrope as a transfer component during diafiltration or desalting, preferably desalting, to replace stronger 
solubilizing agents such as SDS used in the extraction and purification of the recombinant IL-2 from tlie host 

25 microorganism. Such milder detergent/bhaotropes used as transfer components allow for diafittratlon or 
desalting of the lL-2 to occur at a lower pH range, for example, firom pH 8.5 to 10.0, preferably 9-9.5. and 
more preferably. 9-9.2. Examples of such detergent/chaotropes for use as transfer components include fatty 
add salts having carbon chains of from 10 to 13 cartoons, preferably 1 1 to 12 carbons, and more preferably 
12 carbons. It is preferred that the fatty acid salt be a laurate salt and most preferred that such laurate salt 

30 be sodium laurate. 

The concentration range (weightA^olume) of said transfer component in a preferably low tonic strength 
elution buffer is fi-om 0.05% to 2%, preferably 0.1% to 1%. Prefenred low ionic strength elution buffers 
include Tris * HCI, citrate* borate, sodium pyrophosphate and sodium phosphate at . concentrations of 
preferably 5 to 20 mM. and more preferably 10 to 15 mM. Tris * HCI and disodium phosphate are preferred 
35 buffers. 

In addition to the fatty acid salts, a number of other detergent/chaotropes can be used as transfer 
components in this process, for example, urea (5-7 molar, preferably 6M), or more preferably guanidine 
hydrochloride (5-7 molar, preferably 6 M). 

The pH of the thus purified IL-2 pool which has been dtafiltered or desalted, preferably desalted, by 
40 said process employing a transfer component, is then adjusted to a pH of 2 to 4. preferably 3 to 4. and 
more preferably about 3.5. at which point if the transfer component is sodium laurate it will precipitate from 
the solution. The precipitated sodium laurate is then removed by centrifugation and filtration or by other 
means known to those skilled in the art. If the transfer component is other than sodium laurate, for example, 
urea or guanidine. it will not precipitate at pH 3 and needs to bo removed earlier in the process by 
• 45* desaltir^. 

In such a process using a transfer component, tfie stabillzer/solubilizer, that is. one or more biocom- 
patible non-ionic polymeric detergents according to this invention, can then be added to the IL-2 pool. 
Optionally, said mixture can be incubated before raising the pH of ttie rK)w stabilized IL-2 pool to a pH of 
3.0 to 9.5, preferably 4 to 8.0. and more preferably 5 to 7.5. lncut>ation time depends mainly on the 
60 particular IL-2 analog, the p>articular composition of the stabilizer/soiubilizer employed, the exact pH, and the 
concentrations of IL-2 protein and the stabilizer/soiubilizer composition, but typically ranges from 0-1 00 
minutes, preferably 10-100 minutes, more preferably 15-60 minutes, and most preferably 15-45 minutes. 

Another method of avoiding strongly alkaline conditions during tfte diafiltration or desalting step, 
preferably desalting step, as the last step of purifying the recombinant IL-2 according to a process such as 
65 outlined in Figure 1. is to perform said step without a transfer component tMit in the pres nee of a 
solubiiizer/stabilizer of this invention at a pH range of from 2 to 5.5, preferably 3 to 4, and more preferably 3 
to 3.5. The preferred buffer for such a diafiltration or desalting step, preferably desalting st p. is an acetate 
buffer at a concentration of from 5 to 40 mM. preferably 10-30 m. and rr>ore preferably 20 mM. 



11 



EP 0 268 110 B1 



Said method comprises adding the solubitizer/stabilizer. for example, 0.1% Triton® X305. prior to 
desalting or diafiltering. preferably desalting. When a fatty add salt, such as sodium laurate. is employed as 
the primary sotubilizing agent during the extraction and purification of the IL-2. the pH is adjusted to from 2 
to 5.5. preferably 3 to 4. and mora preferably 3 to 3.5. before the solubilizer/stabiliz r is added. Upon pH 
5 adjustment to such a range, th fatty acid salt, pr ferably sodium laurate. precipitates from the pool, and is 
removed by centnfugation and filtration, or by other means known to those skilled in the art. An effective 
amount of the solutMlizer/stabitizer is then added, optionally incut>ated. and diafiltered or desalted, preferably 
desalted, at a pH range of from 2 to 5.5. preferably 3 to 4. and more preferably 3 to 3.5. The fontnulation 
can then be maintained at such a pH range or the pH can then be adjusted to that desired for the 

10 formulation, that is. from 3.0 to 9.5. preferably 4 to 8. and more preferably 5 to 7.5. As in the other 
lyophilization fomnulation routes of this invention, once the pH has t»een adjusted to that desired for the 
formulation, in immediate and continuous sequence, a bulking/stabilizing agent is added, the solution is 
optionally prefiHered and sterile filtered, and lyophilized. The formulation can then be reconstituted when 
needed for tfrierapeutic administration. 

fs When other than a fatty acid salt, for example. SOS, is employed as the primary solubilizing agent for 
extraction and purification of the recombinant IL-2, the above-described alternative method for diafiltration or 
desalting is performed in essentially the same manner, except it is not necessary to centrifuge and filter the 
lL-2 pool prior to desalting or diafiltration to remove a precipitate. 

Alternatively, the diafiitration or desalting step, preferably desalting step, can be performed, in the 

20 absence of both a transfer component and a solubilizer/stabilizer. at a pH range of 3 to 3.5. preferably at)Out 
pH 3.0. The preferred elution buffer is acetate at a concentration of from 5 to 40 mM. preferably 10 to 30 
mM. and more preferably 20 mM. When a fatty acid saN such as sodium laurate is the primary solubilizing 
agent during extraction and purification of ttie recombinant IL-2, it shoukf be removed prior to diafiltration or 
desalting by lowering the pH of the IL-2 pool with an appropriate acidic agent, preferably HCI or acetic acid. 

ss to pH 3 to 3.5. preferably pH 3.0. at which point the fatty acid salt, preferably sodium laurate. precipitates 
and is removed by centrifugation and filtration or by other means known to those skilled in the art. The 
diafiltration or desalting step, preferably desalting step, is then performed at a pH range of 3 to 3.5, 
preferably at a pH of about 3. Then, the IL-2 pool is stabilized by adding a sotukM'lizer/stabilizer according to 
this invention, optionally incubating tt)e mixture, and tiien if a lyophilized formulation is desired, adjusting 

30 the pH to that desired for the formulation, and in immediate, continuous sequence, adding a 
bulking/stabilizing agent, optionally pre-filtering, sterile filtering, and lyophilizing the formulation. 

When other than a fatty acid satt, for example. SOS. is used as the primary solubilizing agent for 
extracting and purifying the recombinant IL-2, the alternative procedure for desalting or diafiltration as 
described immediately above is essentially the same except that it is not necessary to centrifuge and filter 

3S the IL-2 pool prior to diafiltration or desalting, to remove a precipitate. 

Although all of the above described processes for diafiltration or desalting immediately prior to 
formulation represent preferred methods for performing such a step, other procedures for diafiltration or 
desalting can be employed. For example, although it is preferable to avoid strongly alkaline conditions 
during diafiltration or desalting as indicated atmve, the IL<2 could toe diafiltered or desalted at a pH range of 

40 from 10.5 to 12.5. preferably at a pH of i 1 , to remove SDS or other strong detergent agents used during the 
extraction and purification of the IL-2. The desalted or diafiltered IL-2 pool can then be stabilized by the 
nonionic biocompatible polymeric detergent solubilizer/statMlizers of this invention, before the continuous, 
immediate sequence of lowering the pH of the stabilized solution to a pH rartge of 3.0 to 9.5, preferaby 4 to 
8, more preferably 5 to 7.5. and adding a butking/staknlizing agent, optionally pre-filtering. sterile filtering 

45 and lyophilizing. 

A further aspect of this invention is to provide for extraction, purification and formulation processes 
wherein the formulated recombinant IL-2 is totally or substantially free of SDS or other strong detergent 
solut>ilizing agents. Said processes comprise the use of a non-toxic. miMer detergent/chaotrope as the 
primary solubilizing agent instead of SDS or other stror>g detergent solubilizing agents during extraction. 

50 purification and recovery of the recombinant lL-2. Such non-toxic detergent/chaotropes include the fatty acid 
salts discussed above as transfer components. preferat)ly laurate salts, and most preferably sodium laurate 
(0.5% to 3%, preferably 1.5-2.5%, and most preferably about 2%). The preferred pH range for solubilizing 
the retractile bodies of the E. coli expressed IL-2 with a fatty acid salt such as sodium laurate woukl k>e 8.5 
to 10. preferably 9 to 9.5. and more preferably at)out pH 9. 

65 When such fatty acid salts, such as sodium laurate. are used as the primary solubilizing agent, it is 
necessary, as exemplified in Figure 2. to remov the fatty acid salt by centrifugation and filtration twice 
during the purification of the recombinant lL-2- one . prior to the preparative revers phase high pressure 
liquid chromatography (RP-HPLC). and again (as indrcated above in the description of alternative desalting 
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or diafiltration steps) ither prior to the diafiftration or desalting step, preferably the desalting step, or aft r 
lowering ttie pH to 2 to 4 aft r diafiltering or desalting at pH B.5 to 10. 

Furth r, when a fatty acid salt, such as sodium laurate. is employed as the primary solubilizing agent, 
all column chromatography, for xampi . S200. 6-25, RP-HPLC. is performed at a pH rang of from 8.5 to 

6 10. preferably 9 to 9.5. and more preferably 9 to 9.2. or is performed at a pH rang of 2 to 5.5. preferably 3 
to 4, and most preferably 3 to 3.5. Appropriate buffers for said pH ranges are employed. 

A comparison of Figure 1 illustrating a preferred embodiment wherein SDS is tfie primary solubilizing 
agent' and Figure 2A-B wherein sodium laurate is the primary solubilizing agent, further exemplifies the 
differences between such procedures. 

10 Also, as described ak>ove and illustrated in Rgure 5, another primary solubilizing agent which can be 
used as an alternative to SDS or other strong solubilizing agents in the extraction and purification of 
recombinant IL-2 Is guanidtne hydrochloride (5-8M. preferably about 7M). II is preferred that when such 
altemative solubilizing agents are employed that the retractile bodies containing the recombinant IL-2 be at 
a concentration from 5 to 10 mg/ml, preferably 7 to 8 mg/ml. 

T5 Further, the invention provides an improved formulation process which further avoids the creation of IU-2 
aggregates in lyophilized formulations. Said process comprises performing the steps of adjusting the pH to 
the desired range of the formulation. t>ul king/stabilizing agent addition, pre- and sterile filtration and 
lyophilization in a continuous immediate sequence. Variants of such formulation steps can also' bB 
performed so long as lyophilization occurs shortly after neutralization. 

20 Further, this invention provides for methods of screening from known biocompatible non-ionic polymeric 
detergents and combinations of said detergents to find statHlizer/solubilizers for the IL-2 formulations of this 
invention. In general, candidate nonionic detergents or combinations thereof can t>e screened as 
solubilizer/stabilizers for IL-2 processed according to the preferred methods described atxive wherein the 
IL-2 is denatured and then renatured in the presence of a chaotrope, by adding them at appropriate 

25 concentrations to appropriate dosage amounts of the IL-2 and periodically testing for bioactivity. preferably 
by a cell proliferation assay (HT-2) according to Glllis et al.. J. Immunol. , 120:2027-2032 (1978). and 
stability, for example, by visual inspection for clarity, over a test period. preferWy from 4 to 24 hours at 
room temperature. 

For IL-2 extracted and purified according to procedures ottier than the prefenred procedures which 
30 comprise the steps of and renaturing the IL-2 In the presence of a chaotrope. as for example. IL-2 extracted 
and purified by a process according to Rgure 1 wherein SDS is the primary solubilizing agent used 
throughout the process, a preferred screenirtg method comprises the steps of: 

a. passing extracted, partially purified recombinant IL-2 in about 0.1% SDS through a desalting column 
equilibrated in 0.1% sodium laurate in a low ionic strength elution buffer at pH 8.5-9.5 to ot>tain an eluate 

35 of IL-2: 

b. lowering the pH of the eluate with an appropriate acidic agent to pH 2-3.3: 

c. centrifuging and filtering the eluate to remove the precipitated sodium laurate: 

d. adding to the desalted pool an appropriate concentration of the candidate biocompatible noh-ionic 
polymeric detergent or of the candidate combination of said detergents: 

40 e. adjusting the pH to 3.0 to 9.5 pH with an appropriate basic agent: arKf 
f. allowing the IL-2 pool to stand for 24 hours at a pH range of 3.0 to 9.5. 

If said candidate stabilizer/solubilizer maintains the recombinant IL-2 in solution at pH 3.0 to 9.5 over a 
24 hour period, it Is considered for inclusion in the prototype formulations of this invention. Preferably, the 
concentration of the elution buffer in step (a) is 5 to 20 mM, preferably 10 mM. The elution buffer of step (a) 
45 is preferably 10 mM Tris-HCI at pH 9.0; lOmM borate at pH 9.1 or 93; or lOmM NaOH at pH 10.8. 

Further preferred is a screening method wher^n the pH range for steps (e) and (f) are performed at the 
pH range of 4 to 8. A still further preferred screening method is that wherein the pH range fbr steps (e) and 
(f) are performed at the pH range of 5.0 to 7.5. 

To analyze prototype formulations, ultracentrifugation is used as a simple method of detecting the 
50 presence of high molecular weight aggregates and oligomers. Such candidate formulations can also be 
screened by SDS-PAGE under non-reducing conditions and by Western blot. Reverse phase chromatog- 
raphy can also be used to test for the presence of aggregates. 

A preferred process for preparing the recombinant IL-2 formulations of this invention wherein the IL-2 is 
not denatured and renatured in the presence of a chaotrope comprises the steps of: (a) extracting the 
65 recombinant IL-2 from the disruptat of a host organism transformed to produc th IL-2 protein: (b) 
purifying the IL-2 protein using a desalting step at a pH range of 8.5 to 10 employing a fatty add salt having 
from 10 to 13 carbons as a transfer component as th last step of purification: (c) lowering the pH of the 
desalted pool to 2 to 4; (d) centrifuging and filtering the IL-2 pool to remove the precipitated fatty acid salt; 
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(e) mixing the purified IL-2 in an inert carrier medium with an effective amount of a non-ionic biocompatible 
polymeric detergent or a combination of non-ionic biocompatible polymeric deterg nts at a pH of 2 to 4: (0 
incubating the mixture for from about 0 to 100 minutes; (g) adjusting th pH to a range of about 3.0 to about 
9.5: (h) adding an ffectiv amount of a polyol bulking/stabilizing agent; (I) optionally pre-filtering and st rile 

s filtering the solution; and (j) lyophilizing the formulation. 

Preferably the transfer component of step (b) is sodium laurate and said desalting step is~performed at 
a pH of 9 to 9.5. most preferably 9 to 9.2, the pH range for step (c) is 3 to 4. more preferably about pH 3.5, 
and the pH range for step <g) is between 4 and 8. and more preferably from 5 to 7.5- 

ngures 1 through 3 illustrate the details of the individual process steps of embodiments of the present 

10 invention including the culture of the transformed microorganisms in an appropriate fermentation medium 
through the final step wrhere the purified IL-2 is stabilized and may then be lyophilized to be later 
reconstituted into therapeutic formulations for clinical administration. 

The individual process steps of such an example of one embodiment of the instant invention wherein 
the primary solubilizing agent is SDS as in Figure 1 are summarized as follows; 

15 (a) growing the transformed bacterial hosts in an appropriate fermentation medium; 

(b) concentrating the bacteria in the fermentation medium by cross-flow filtration, centrifugation or other 
coriventional methods; 

(c) disrupting tfie cell wall and cell membrane of the bacteria; 

(d) removing greater than 99% by weight of the safts from said disruptate by diafiltration or centrifuge- 
20 tion; 

(e) redisrupting the desalted disruptate; 

(f) adding a material to the disruptate to increase the density or viscosity of the liquid within the 
disruptate; 

(9) separating the refractile material from the cellular debris by high-speed centrifugation; 
25 (h) solubilizing the refractile material with SDS in an aqueous buffer; 

G) isolating said refractile material from the extractant by centrifugation; 

(i) adjusting the pH of the solution to about 8.5 and reducing the solubilized IL-2 with dithiothreitol; 

(k) lowering the pH to about 5.5 and purifying the reduced IL-2 by chromatography; 

(1) collecting the eluted fraction of the purified IL-2 and oxidizing it at about pH 7 with CuCb in a 1 :3 
30 mole-to-mole (protein to CuCb) ratio; 

(m) concentrating the oxidized IL-2 at a pH of about 5.5. filtering it at a pH less than or equal to 3 and 

then subjecting it to preparative reverse phase high pressure liquid chromatography (RP-HPLC); 

(n) precipitating the IL-2 by adding phosphate buffer to the IHPLC pod; 

(o) solubilizing the HPLC precipitate in a phosphate buffer; 
35 (p) further purifying the IL-2 by gel chromatography and collecting the eluate containing the purified IL-2; 

<q) as the last step of purification, desalting the IL-2 on a desalting column employing an elution buffer of 

low ionic strength containing 0.1% sodium laurate as a transfer component at a pH of 9-9.5; 

(r) lowering the pH of the desalted pool to about pH 3 at which point the sodium laurate precipitates: 

<s) centrifuging and filtering to remove the precipitated sodium laurate; 
40 (t) formulating the IL-2 with an appropriate biocompatible non-ionic polymeric detergent at a concentra- 
tion of from 0.075% to 3% by volume; 

(u) optionally incubating the mixture at a pH range of about 3; 

(v) neutralizing the mixture by raising the pH to 7.0 to 7.8; 

(w) adding an appropriate bulking/stabilizing agent in a concentration of from 3.0% to 7%; 
45 (x) pre- and sterile filtering the solution; 

(y) optionally lyophilizing the IL-2 formulation; and 

(z) reconstituting the lyophilized IL-2 sample, when appropriate, for clinical administration. 
The IL-2 is oxidized in step (I) preferably by the methods descrit>ed in U.S. Patent No. 4,572,798 to 
Koths et al. using copper chloride. The oxidation step is preferably carried out so that the IL-2's cysteine 
so residues are bridged to form cystines. Alternatively, the iL-2 can be oxidized by the methods described in 
U.S. Patent No. 4,530.787 to Shaked et al.. using an o-iodosobenzoic acid solution. 

EP 208.828 details the procedures for extracting and purifying recomkMnant proteins, such as IL-2, 
which are deposited within the microbial host in refractile bodies, focusing on the isolation of the refractile 
materials by front-end processes which are either "abbreviated" or "expanded". Following is a syrwpsis of 
55 such procedures. 

The IL-2 producing transformed microorganisms are grown in a suitabi growtti medium, typically to an 
optical density (OD) of at least about 30 at 680 nm. The composition of the growth medium will depend 
upon the particular microorganism invoh^ed. The medium is an aqueous medium containing compounds that 
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futfill the nutritional requirements of the microorganism. In expression vectors involving the trp promot r. the 
tryptophan concentration in the medium is carefully controlled to b com limitiRg at th tlm 
expression is desired. 

After the cells are harv sted from th cultur . they may be cone ntrated. if necessary, to 20 to 150 
5 mg/ml by cross-flow filtration, centrifugation, or other conventional methods. Preferably a compound which 
is non-toxic to humans, such as l-octanol. in an amount of about 1% by weight of total components, Is 
added to the fermenter before or during cell cortcentration to ensure that no viable recombinant organisms 
remain before containment is t>roken. 

Following concentration of the harvested culture, the cell walls and membranes of the microorganisms 
10 are disrupted. Conventional cell disruption techniques such as homogenization, sonication. or pressure 
cycling may be used in this step of the process. After the cells have been disrupted, deiontzed water is 
preferably added to the disruptate and greater than 99% by weight of the salts are removed therefrom. 

After the salts are essentially removed, optionally a compound such as 1-octanol may be added to the 
desalted disruptate. if not added earlier, to ensure that no viable recombinant organisms remain. The 
15 desalted disruptate is again disrupted as described above for the initial disruption. After redisruption. density 
or viscosity is increased in the liquid within the disruptate by adding a material to the disruptate. 

In the final step of the abbreviated front-end process to recover the refractile bodies, the refractile 
bodies containing the desired protein are separated from the cellular debris by high-speed centrifugation. 
The pellet resulting from this centrifugation is called the "particle pellet* or "particle paste.** The 
20 abbreviated front-end process is most preferably used when a fatty acid salt, such as sodium laurate. is the 
primary solubilizing agent. 

A variety of different process alternatives as indicated above are available at this point. One preferred 
route illustrated in Figure 5 is that employing a chaotroptc agent to dissohfe and denahjre the IL-2 in the 
particle paste or pellet by mixing the paste/pellet with a solution of a strongly denaturing concentration of 

25 the chaotropic agent and a reducing agent. The chaotropic agent and reducing agent are in an aqueous 
buffer at pH 7 to 9. preferably phosphate buffered saline. Adjustment of pH may be accomplished t>y the 
addition of base such as NaOH. The w/V ratio of pellet to solution will normally be in the range of 0.01:1 to 
0.25:1, preferably 0.05:1 to 0.12:1. Reducing agents that can be employed during the dissolving/denaturing 
step include: )S-mercaptoettianol, glutathione, cystine and dithiothreitol (OTT). DTT is the preferred 

30 reducing agent. The concentration of the reducing agent in the medium will usually range twtween 10 to 
100 mM. with approximately 50 mM being the preferred concentration. Chelating agents such as ethylene 
diaminetetraacetic acid (EDTA) in concentrations of 1 to 50 mM. preferably about 25 mM. and buffers such 
as Tris • HCl at concentrations of 25 to 250 mM. preferably 50 mM. may be included in the solution. 
Elevated temperatures in the range of 35 • C to 50 • C. preferably about 40 • C. and a nitrogen blanket are 

35 used in this step. The dtssolution/denaturation will typically be complete after 5 to 15 min. of mixing. After 
tills time, the mixture is centrlfuged. preferably at 2000 x g to 4000 x g for 10 to 30 mIn.. to remove any 
undissolved materials. 

The denatured IL«2 is next subjected to a controlled oxidation. The reducing agent is first removed by 
gel filtration or diafiltration. Gels that are capable of removing the reducing agent from the protein solution 
40 are commercially available. After removing the reducing agent the protein solution is diluted, if necessary, 
with the solution of chaotropic agent to a protein concentration of 0.1 to 2 mg/mi. preferably 0.25 to 0.5 
mg/ml. 

Preferred selected oxidation procedures as indicated above are used. The Cu*^ nidation comprises 
reacting the aqueous solution of denatured IL-2 at a pH between 5.5 and 9. preferably 6 to 8, and most 
45 preferably at»out 7.5. In the presence of air with at least an effective amount of an oxkJation promoter 
containing a Cu*^ cation. The pH is maintained between 5.5 and 9, preferably t>etween 7 and 8. in the o- 
k>dosot>en2oic acid oxidation. " 

The reduced IL-2 must remain in solution for effective oxidation to occur. Therefore, the reaction 
mixture must contain a suffrcient concentration of chaotropic agent to keep the reduced IL-2 in solution. As 
so indicated above, when guanidine hydrochloride is used, its concentration must be above 6 M. At such 
concentrations, a substantial amount of the IL-2 will t)e in a denatured form. For this reason, it is not 
possible in the case of IL-2 to carry out the oxidation and renaturation simultaneously and obtain high yields 
of renatured IL-2. 

The temperature used in the oxidation will normally t>e between 20 'C and 40 'C. convenientiy room 
55 temperature. For Cu * oxidation, increasing the reaction temperatur increases the rat of r action. Th 
oxidation reaction may be effectively terminated by. e.g.. lowering the pH to a level at which th reaction 
ceases, freezing the solution, or adding chelators such as EDTA to ttie reaction mixture. Oxidation tim will 
normally t>e in the range of 4 hr. to one day. 
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When the oxidation is complete, the solution of oxidized, denatured IL-2 is diluted with buffer to reduce 
the concentration of chaotropic agent {guanidine hydrochloride) to a level that permits the oxidized iL-2 to 
renature and refold into the configuration of native IL-2. Phosphate buffer. 10 to 100 mM. preferably about 
10 mM, is a preferred diluent. Preferably the IL>2 is concentrated using a hollow fiber membrane to avoid 

9 handling large volumes of solution. The concentration of guanidirte hydrochloride agent is normally diluted 
to below about 2 M. preferably below about 0.5 M. The dilution will typically be carried out at 4* C to 25* C. 
At such temperatures and reduced guanidine hydrochloride concentration a precipitate of extraneous host 
protein forms. This precipitate is removed by filtration or centrifuging to provide a supernatant containing 
the oxidized, renatured IL-2. 

10 The renatured, oxidized IL-2 is then purified to remove endotoxins to a levet that meets clinical 
specifications. The purification may be achieved by a combination of hydrophobic interaction and ion 
exchange chromatography or by RP-HPLC. 

In the hydrophobic interaction/ion exchange chromatography technique. (NH4)2S04 is added to the IL-2 
solution to a concentration of at least about 1.0 M. preferably atx^ut 1.25 M. The solution is then loaded onto 

IS a hydrophobic interaction column, such as a phenyl agarose column (e.g., Pharmacia Phenyl Fast-Row 
Sepharose column). Bound IL-2 is recovered from the column with a decreasing (NH4)2S04 gradient, with 
the IL-2 being collected in the fractions eluting at about 0.75 M (NH4)2S04. Species of IL-2 and other 
impurities (bacterial host proteins) having lower isoelectric points than native IL-2 are then removed by 
cation exchange chromatography using an exchanger that binds iL-2 at a pH of 6 to 7.5. A carboxymethyl 

20 agarose column (e.g., Pharmacia Fast-Flow Sepharose CM) is a preferred preparative cation exchanger. The 
solution is contacted with the exctwnger at the indicated pH range and tfie IL-2 is eluted from the exchanger 
using an ionic gradient. The desired IL-2 elutes at approximately 0.15 M salt with the lower isoelectric point 
forms of the protein eluting at lower salt concentrations. 

The HPLC purification of the renatured IL-2 may be carried out in essentially the same manner as 

25 described in U.S. 4.569.790 followed by redissolution in the chaotropic agent and dialysis. Briefly, the 
solution of IL-2 is chromatographed and precipitated, and the resulting predpitate is taken up in the 
chaotropic agent solution. The chaotropic agent is then ren^oved by dialysis or diafiltration. The IL-2 may be 
further purified by cation exchange chromatography. 

The purified IL-2 is rendered aqueous, its concentration is adjusted, if necessary, to 0.01 to 2 mg/ml, 

30 and one or more non-ionic detergents of this invention are added thereto, and if the composition is to be 
lyophilized. one or more suitable bulking/stabilizing agents are then added, preferably those that provide an 
amorphous environment, and the composition is lyophillzed shortly thereafter according to the methods 
indicated herein. 

An alternative process illustrated in Rgures 3 and 4 is that wtierein the IL-2-containing particle pellet or 

35 paste is solubilized by mixing it with a neutral aqueous buffer containing a solubilizing agent and a reducing 
agent. Surfactants (detergents) which have a suitable hydrophobic-hydrophilic balance to solubilize the iL-2 
may be used as solubilizing agents. Alkali metal sulfates containing 10 to 14 carbon atoms and alkali metal 
alkyi sarcosinates are preferred solubilizing agents, with SDS and sarcoisyl being particularly preferred. 
Optionally, the aqueous buffer can also contain a chelating agent in a concentration off from 3 to 7 mM. 

40 EDTA at a concentration off 5 mM is a preferred chelating agent 

The amount of solubilizing agent used in the solubilization will depend upon the particular agent. When 
SDS or sarcosyl is used, the preferred concenUation (wAf) of SOS/sarcosyl is 0.1%-10% in buffer such as 
PBS (50 mM sodium phosphate, pH 7. 0.9% sodium chloride). Preferably the range of SDS would be from 
2% to 7%. most preferably 5%. The solubilizing medium also contains a sufficient amount of reducing 

45 agent to prevent the solubilized lL-2 from undergoing oxidation to any significant degree. Protein reducing 
agents such as DTT and 2-mercaptoethanol may be used for this purpose. The concentration of reducing 
agent such as DTT in the medium mW usually range between 5 and 30 mM. and is preferably about 20 mM. 
The solubilization will typically be carried out at temperatures in the range of 20* C to 25* C with mixing. 
Optionally, a reduction step may be carried out at this point. The pH. if necessary, may be adjusted to a 

so range of 8 to 9, most preferably approximately 8.5. The suspension may l>e heated to 50 ± 5* C for 5 to 15 
minutes under nitrogen. The reaction mixture is then cooled to approximately 25 ' C. 

The solubilization is considered complete when the sample has sat 15 minutes or the solution turns 
translucent. Optionally at this point, the insoluble material may be separated by centrifugatkin or filtration 
after completing the solubilization. 

55 The next step in the proc ss is to remove ttie reducing agent from the solubilized IL-2 so that the 
solubilized IL-2 may be oxidized. Gel filtration is a preferred way of removing the reducing agent The gel 
filtration will typically be run in buffered solutions (pH 5.5 to 7.0) containing 0.1% to 1.0% solubiHzing agent 
The get column will be sized to permit suitable resolution of the components. 
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Diafiltration may be used as an atternative to gel filtration to remove the reducing ag nt. 
The iL-2 is next subject d to a controlled oxidation as described at>ov . Following oxidation, the IL-2 is 
purified to remove endotoxins to a level that meets clinical specifications. RP-HPLC is a preferred method 
for effecting such purification. Supports (stationary p)hases} that provide good resolution of proteins may be 
5 used In the RP-HPLC purification. C-4, C-8. or C-18 on 300 angstrom pore-size supports are examples of 
preferred stationary phases. The separation is carried out at an acidic pH of less than about 2J3, usually 2.1 
to 2.3. The solution of oxidized IL-2 is loaded onto the RP-HPLC column and is adsorbed onto the stationary 
phase. A gradient sohrent system comprising an organic acid, such as acetic acid or trifiuoroacetic acid, and 
organic solvent, such as 2-proparK>l or acetonitrile. is used to elute the IL-2 from the column. Acetic acid- 
10 propanot. trifluoroacettc acid-propanol. and trifiuoroacetic actd-acetonitrile are preferred soh^nt systems. 
The elutton conditions are similar to those descrit>ed in U.S. 4.569.790, the disclosure of which in this 
regard is incorporated herein by reference. 

The RP'HPLC pool may be used directly in the renaturation step, or the IL-2 may first be recovered as 
a "paste" from the pool by adding a neutral aqueous buffer, such as phosphate buffered saline (PBS), to 
15 the pool, allowing precipitation to occur, and recovering the solids by centrifugation. 

The pool or paste is combined with an aqueous solution of a chaotropic agent present at a 
concentration that causes the IL-2 to toe denatured. The chaotropic agent is preferably in an aqueous buffer, 
preferably PBS, at pH 5 to 9. preferably about 7. Adjustment of pH. if necessary, may be accomplished by 
the addition of base such as NaOH. The amount of pellet^paste in the chaotropic agent solution will normally 
20 be in the range of 0.1 to 100 mg/ml. preferat^ 0.5 to 60 mg/ml. The denahiration step is typically carried 
out at temperatures in the range of 4* C to 25* C, preferably 4*C to 10*C. with mixing. The denaturation 
will typically be complete after 5 to IS min. of mixing. A solid, which is believed to be mainly residual 
solubitizing agent (SDS). is formed during the denaturation. This solid is removed from the solution by 
filtration or other conventional solid-liquid separation techniques. The IL-2 is then renatured from the filtered 
2$ Chaotropic agent solution by reducing the concentration of chaotropic agent and protein concentration in the 
solution by diluting the solution with a neutral aqueous buffer or by dialysis or diafiltration against a neutral 
aqueous buffer. The protein concentration during renaturation will normally t>e in the range of 0.1 to 2.5 
mg/ml, preferably 0.5 to 1 .5 mg/ml. 

If an IL-2 which does not have the cysteine residue at position 125 replaced with a neutral amino acid 
30 (such as IL-2 having the amino acid sequence of native lL-2) is t)eing renatured, it has been observed that a 
significant amount of IL-2 isomers having different disulfide bridging than native IL-2 is formed. For this 
reason, it is preferred to carry out this process on fL-2s in which the cysteine residue at 125 is so replaced. 

Following the renaturation. the renatured IL-2 may be further purified by ion exchange chromatography 
to remove forms of the protein which have lower isoelectric points than nalive-H_-2 and other impurities. 
35 Cation exchangers may be used for this purpose which bind IL-2 at a pH of 6 to 7.5. Carboxymethyl 
agarose columns (e.g.. Pharmacia Fast Flow CM Sepliarose) are preferred preparative cation exchangers. 
The solution of renatured IL-2 is contacted witii the exchanger at the indicated pH range and the IL-2 is 
etuted from the exchanger u^'ng an ionic gradient. The desired IL-2 elutes at approximately 0.1 M salt with 
the lower isoelectric point forms of the protein eluting at tower salt concentrations. 
40 The renatured. oxidized purified IL-2 can then be formulated in accordance with this invention. 

Another alternative process for extracting and purifying the IL-2 is an expanded front-end process to 
recover the retractile bodies, the particle pellet obtained from the last centrifugation step of the abbreviated 
front-end process is solubilized, reduced and then extracted from the aqueous medium with 2-butdnol or 2- 
methyl-2-butanol. The extraclant phase is then precipitated with an acid and centrifuged to produce a "final 
45 pellet" or "final paste" which is then further purified as indicated. 

The additional steps of the expanded front-end process result in enhanced purity of the final pellet as 
opposed to the particle pellet, which lessens tfie purifying burden of downstream processing. Once the 
choice of the particular front-end recovery of the retractile bodies has been made, one skilled in the art can 
pick and choose the alternative purifying steps outlined below to achieve the desired purity level of the final 
60 product. 

For solubilizing the refractile bodies containing the recombinant tL-2, the folkiwing solubilizing agents 
can be used: sodium dodecyl sulfate (SOS), sodium laurate, urea, sodium dodecyl sulfonate, sodium decyl 
sulfate, sodium tetradecyl sulfate, sodium tridecyl sulfonate, sodium dioctylsuccinate. sodium dodecyl N- 
sarcosinate. guanidine hydrochloride and sodium tetradecyl N-sarcosinate. Preferred solubilizing agents are 
55 SDS. guanidine hydrochloride and sodium laurate. Sodium laurate and guanidin hydrochloride are 
particularly preferred when it is desired to have a final container product substantially or totally free of SDS 
or other strong detergents. 

The solubilizing agent is in an aqueous buffer, preferably phosphate buffered saline. The preferred 
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percentage of the sotubilizing agent is in the range of 1% to 5% (w/V). (Percentages herein reflect weight to 
volume ratios.) The particularly preferred concentration ranges and . conditions for sodium laurate and 
guanidine hydrochloride as primary solut>ilizing agents ar noted above. 

Reducing agents that can be employ d during the solubilization step include: mercaptoethanol, 
5 glutathione, cysteine and dlthiothreitol (DT7). DTT is the most preferred reducing agent 

The refractile material containing the IL-2 t>odies is preferably solubtlized by contact with a neutral 
aqueous buffer containing not only a solubilizing agent but also a reducing agent. Surface active agents 
(detergents) which have a suitable hydrophobrc-hydrophilic balance to solubilize the hydrophobic IL-2 
protein may t>e used as solubilizing agents. Optionally, said aqueous buffer can also contain a chelating 
10 agent in a concentration of from 3 to 7 mM. Most preferably, said chelating agent is EDTA at a 
concentration of 5 mM. 

The solubilization will typically be canied out at temperatures in the range of 20* C to 25 *C with mixing 
to facilitate contact between the solid phase and the solubiRzing medium. Optionally, a reduction step may 
be carried out at this point. The pH. if necessary, may be adjusted to a range of 8 to 9, most preferably 
IS approximately 8.5. The suspension may be heated to 50 ± 5*C for 5 to 25 minutes under nitrogen. The 
reaction mixture would then be cooled to approximately 25* C. 

The solubilization is considered complete when the sample has sat 15 minutes or the solution turns 
translucent. Optionally at this point, the insoluble material may be separated by centrifugation or filtration 
after completing the solubilization. 
20 If a reduction step was not carried out during the solubilization, the next step in ttie process is a 
reduction of the solubiiized refractile body protein. A preferred reducing agent is dlthiothreitol (DTT). 
Reduction conditions may also include the addition of a chelating agent such as ethylenediaminetetraacetic 
acid (EDTA). 

The next step in the process is to separate the protein In the supernatant from any host contaminants 

2S remaining after the centrifugation or filtration and optimally from the solubilizing agent. Gel filtration 
chromatography, reverse-phase high performance liquid chromatography (RP-HPLC), or a combination of 
gel filtration chromatography and RP-HPLC. can be used. The gel filtration chromatography is preferably 
carried out in two stages that remove both pyrogenic components and protein contaminants having 
molecular weights higher or lower than tiiat of the protein. Gels that are capable of fractionating the solution 

30 to permit separation of the protein from these contaminants are commercially available. Sephacryl® S-200 
is a preferred gel for removing tfie higher molecular weight components and Sephadex® G-25. G-75 or 6- 
100 gels are preferred for removing the low molecular weight contaminants. The gel flHrations will typically 
be run in buffered solutions (pH 7,0 to 9.2) containing 0.1% to 1.5% solubilizing agent and 0.5 to 10 mM 
reducing agent. The column will be sized to permit suitable resolution of the desired components. 

35 RP-HPLC is an altemative to gel filtration. Also, RP-HPLC is capable of removing molecules from the 
solution that have molecular weights close to the protein and cannot, ttterefore. be removed completely by 
gel filtration. In addition, contaminants such as bacterial endotoxin are also removed effectively by RP- 
HPLC. Therefore. RP-HPLC may also be used as a final purification step after gel filtration. 

An alternative and preferred procedure is to oxidize selectively, under controlled conditions, the IL-2 

40 protein after it has been separated by gel filtration, as described above. The oxidized product is purified by 
RP-HPLC or gei filtration followed by RP-HPLC. 

It is preferred In carrying out such an altemative process of this invention that the last step of 
purification before stabilization of the formulation is a desalting step optionally employing a transfer 
component, such as sodium laurate. 

45 The purity of the protein after the chromatography step(s) is at least at>out 95% and usually at least 
about 98%. This highly pure material contains less than atx>ut 5 ng endotoxin, usually less than about 0.01 
ng endotoxin per 100,000 units protein bioactivity. 

The preferred processes of this invention for extracting, purifying and formulating IL-2 result in a 
substantially homogenous final product wherein the lL-2 has tiie same disulfide bridging as native IL-2 and 

60 is substantially free of oligomers, containing less than about 15% by weight of isomers, and preferably less 
then 1% by weight isomers, having disulfide bridging different from native IL-2. 

Although the above-referenced methods are the most efficient and effective procedures known to the 
inventors for extracting and purifying recombinant lL-2, recombinant IL-2 extracted and partially or com- 
pletely purified by any methods known by tfiose skilled in tiie art can be stabilized and formulated with 

65 biocompatible non-ionic, polymeric detergents screened according to tti procedures of this invention. For 
example, processes for extraction and purification, as those in references cited in the Background section 
herein can t^e used to recover arvd purify th recombinant IL-2 for formulation according to this invention 
with non-ionic bicompatible polymeric detergents. 
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The formulation of the protein in accordanc with this invention may be carri 6 out as a separate 
- operation using purified, selectively oxidiz d protein or in an operation that is integrated with the purification 
of the selectively oxidized protein. In the latter case, th starting material for the formulation is a protein- 
containing product from a RP-HPLC treatment of the selectively oxidized product. Preferably a product 
s s lectively oxidized by the RP-HPLC product (pool) will comprise a solution of the prot in In a wat r-organic 
solvent mixture. The nature of the organic solvent will depend upon the solvent system used in RP-HPLC. 

Optionally, the first step in one formulation of the IL-2 protein from such an RP-HPLC pool is to render 
the mixture aqueous by resuspending (diluting) the pool in an aqueous buffer containing a solutntizing 
agent, such as sodium taurate, guanidine hydrochloride, SDS or sarcosyl. which enhances the solubility of 
to the protein in water. Following this dilution the organic phase is removed from, the protein-containing 
aqueous phase and the detergent concentration is reduced by diafiKration or desalting using an appropriate 
buffer and optionally a transfer component. Following diafiltration or desalting, the lL-2 protein concentration 
is readjusted to a concentration in the range of 0.01 to 10 mg/mt, preferably 0.25 to 1.0 mg/ml. 

The bulking/stabilizing agent adds bulk to the formulation such that when unit dosage amounts of the 
IS solution are lyophiiized in containers, such as sterile vials, the freeze-dried residue wilt be clearly 
discernible to the naked eye. 

The unit dosage amounts of the recombinant IL-2 protein, are dispensed into containers, the containers 
are capped with a slotted stopper, and the contents are lyophiiized using conventional freeze-drying 
conditions and apparatus. 

20 The lyophiiized mixture may be reconstituted by injecting a conventional parenteral aqueous injection 
such as distilled water for Injection. Ringer's solution injection, 5% Normal Serum Albumin (NSA). 5% 
Human Serum albumin (HSA). Hank's solution injection, dextrose injection, dextrose and salt injection, 
physiological saline infection, into the vial. The injection shouM be added against the side of the vial to 
avoid excess foaming. The amount of injection added to the vial will typically t>e In ttie range of 1 to 5 ml. 

25 preferably 1 to 2 ml. 

The reconstituted formulation prepared as described above is suitable for parenteral and oral acbnin- 
istration to humans or other mammals In therapeutically effective amounts (ue„ amounts which eliminate or 
reduce the patient's pathological condition) to provide therapy thereto. IL-2 therapy is appropriate for a 
variety of immunomodulatory indications such as T ceil mutagenesis, induction of cytotoxic T cells. 
30 augmentation of natural killer cell activity. Induction of IFN-gamma, restoration and enhancement of cellular 
Immunity (e.g.. treatment of Immune deficient conditions), and augmentation of cell-mediated anti-tumor 
activity. 

The formulations of this invention are useful for parenteral administration for example, intravenous, 
intraperitoneal, sutx:utaneous. intramuscular, intrathecal, intraorbital, intracapsular, intraspinal and Intraster- 
35 nal. administration. The preferred routes of administration are by intramuscular, subcutaneous and intra- 
venous injection. 

The following examples further illustrate the formulations and processes of the invention. In these 
examples all temperatures are in degrees Celsius unless otherwise indicated. 

40 Example 1 

This example illustrates a preferred process for recovering purifying and formulating recombinant IL-2 
wherein the IL-2 is not denatured and then renatured in the presence of a chaotrope. 

An analog IL-2 designated des-alai -IL-2 Mri25 was recovered from E. coll . The amino acid sequence of . 
45 this recombinant IL-2 differs from that of native human IL-2 by the absence of the initial N-termlnal alanine 
residue and by the sut>stitution of a serine for a cysteine at position 125. The strain of des-alai -IL-2 serm* 
producing E. coll (K12/MM294-1) carrying ptasmld pLW45 used in this example was deposited at the 
American Type Culture Collection on March 4. 1984 under accession number 39,626. Said analog is 
disclosed in U.S. Patent No. 4.530.787 to Shaked et al. and prepared by the methods dtsctosed in U.S. 
50 Patent Nos. 4.518.584 and 4,588,585 assigned to Cetus Corporation. 

The E. coli thus trar^sformed with plasmid pLW45 were grown in a 10CK)-liter fermentor at 37" C. The 
dissolved oxygen was maintained at atx>ut 40% by. as necessary; (1) increasing agitation; (2) adding air; 
and (3) adding oxygen. 

Once the fermenter was filled with water to the operating volume, the foltowing trace elements were 



55 added: 



2nSo» • 7H20 
MnSOi * 4H2O 
CUSO4 * 5H2O 



30 uM 
30 uM 
3UM 
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Naa citrate * SHjO 1.5 mM 

KH2PO4 21 mM 

(NHthSO* 72 mM. 

Th fermenter feed and addition vessels wer then sterilized according to standard operating procedures. 
5 Th n the foUowing sterile additions were made: 

MgSO« • 7H2O 3 mM 

FeS04 • THzO 72 uM 

L-tryptophan 70 mg/L 

thiamine * HC1 20 mg/L 

10 glucose 5g/L 

tetracycline 5 mg/L. 

The fermenter was cooled and inoculated with frozen or seed E. coli culture at 2 mg/L A glucose feed was 
employed to maintain the glucose concentration between 5-10 g/L. At approximately 15 hours after 
fermentation was begun, the pH was adjusted with KOH to 6.8. Optica) density measurements and residual 
15 glucose measurements on samples were taken at 14-16 hours and approximately one hour intervals 
thereafter. 

Induction of des-alai -IL-2^125 production by depletion of L-tryptophan from the culture medium 
occurred at about OC^bo = 10 followed by the addition of casamino acids to a final concentration of 2% at 
ODbso » 15. Cultures were harvested 3-5 hours later, 
20 The refractile bodies containing the des-alai-IL-2««i2s protein were then Isolated. The harvested material 
is concentrated 5-10 fold by circulating the harvest material under pressure through UF cross-flow filtration 
cartridges with a 100K molecular weight cutoff. The cells were washed with deionized water. EOTA was 
added to 25 mM, and the cells were disrupted by 3 passes through a disrupter at atx>ut 6500 psi. 

After the suspension was diafiltered against 5 volumes of deionized water. EDTA was added to a final 
25 concentration of 5 mM. Octanol was added to 1% (v/v) to kill any residual live bacteria in the diafiltered 
product. After several hours, the diafiltered disruptate was redisrupted by passir>g it through a disrupter. 

Sucrose was added to the redisruptate to create a final density between 1.1 and 1.25 gfm\. The mixture 
was centrlfuged at 10.000 to 20,000 x g at 1-2 Ipm, and the particle pellet or paste was collected. A 
temperature of at least 20 • C was maintained prior to and during centrifugatlon. 
30 The particle paste was then sol utilized in phosphate buffered saline with 5% SDS. The solubilized 
paste was then centrifuged at 25,000-35.000 x g. 

Solid DTT and EDTA were added to a final concentration of 50 mM and 2 mM, respectively. The 
suspension was heated to 50 ± 5* C for 20 minutes under nitrogen at a pH of about 8.5. The reaction 
mixture was then cooled to approximately 25* C. and then the pH of the mixture was readjusted to 5.5 ± 0.1 
35 using glacial acetic acid. 

Chromatographic separation of the higher molecular weight contaminants was achieved using a 
Sephacryt^ S-200 column. The solubilized and reduced refractile body protein was loaded onto the column 
and fractions were collected into clean, depyrogenated vessels using an elution buffer containing 50 mM 
acetate pH 5.5. 1 mM EDTA and 0.1% SDS. Peak fractions (ttiose fairing within 70% of the nrtaximum peak 
40 height) were pooled and subjected to a controlled oxklation as follows: 

The S200 pool was oxygenated by bubbling air through the solution, and the oxidation was initiated by 
adding CuCb in a molar ratio of 1:3 (CuCb to IL-2 protein). The oxidation was carried out at about 25*C In 
50 mM phosphate buffered saline. The pH was controlled at 7,0 1 0.2 during oxidation and adjusted to 5.5 ± 
0.2 when the oxidation was completed. Since oxidized IL-2 was more hydrophilic than reduced IL-2, the 
45 progress of the oxidation reaction was monitored by RP-HPLC, 

The oxidized IL-2 was then concentrated using a hollow fiber ultrafiltration unit with a 10.000 molecular 
weight cutoff. The pH of the oxidized pool was then adjusted to pH of 2 to 3 and filtered through a 0.45 hM 
nitrocellulose filter. 

Preparative HPLC using a Vydac® C4 bonded phase silica gel column supplied with two sohrents was 
60 tfie next step in the IL-2 purification scheme. Soh^ent 1 was 6% acetic acid and 10% 2-propanol. and 
solvent 2 was 6% acetk: acid and 94% 2-propanol. AHer pumping solvent 1 for 30 minutes, the acidified IL- 
2 protein was loaded. The column was developed with a gradient of solvents 1 and 2 and the protein which 
eluted at about 40% solvent 2 was pooled into a depyrogenated graduated cylinder. 

In a 1:1 (volume to volume) ratio. 0.8 N NaOH was then added to the pooled protein, causing the 
55 protein to precipitate. Th precipitated protein was then solubillz d in 0.1 M NajHPOi with 1% SDS. 

The final chromatographic step in the purification of IL-2 involved a second Sephacryl® S-200 column. 
The primary objective of this column was to separate the IL-2 monomer fractions from higher molecular 
weight oligomers of the protein. The column was eluted with buffer containing 50 mM acetat pH 5.5, 1 mM 
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EDTA and 0.1% SDS. and IL-2 mononner fractions were pooled. 

A d safting G-25 column was then quilibrated with 0.1% sodium laurate in 10 mM Tris-HCI and loaded 
wrth the IL-2 monomer fractions collected from the S-200 column. Th G-25 column was run at pH 9.1. 
Using a proc ss chromatogram. the des-alai -lL-2 ^^,25 peak was collected. The pH of the etuate was then 
5 lowered quickly with 1.0 N HO to pH 3.0, which precipitated the sodium laurate, but left the des-alai -IL-2 
series in solution. 

The IL-2 recovery from the S-200 pool was 76.7%. SDS concentration was assayed by acridine orange. 
[Sokoloff et al., "Rapid Spectrophotometric Assay of Dodecyl SuHate Using Acridine Orange.* Anal^ 
Biochem. , £18:138-141 (1981).] The SDS concentration was less then 10 ug/hng, more specffically73l8 
70 ug/mg. 

The samples were centrifuged and filtered to remove the precipitated sodium laurate. Then at pH 3.0 
Trition X305 and Triton X405 were then respectively added at 0.1% to 1 ml samples of the IL-2 pool. Then 
the pH of each sample was raised to 7.5. Then in immediate continuous sequence, 5% mannitol was added 
to each sample, the samples were pre-filtered, sterile filtered, the correct dosage amounts of the des-alai - 
IS IL-2 tt,i2s were aseptically filled into sterilized vials with sterilized stoppers under sanitary and sterile 
conditions that were carefully monitored. The vials were then quickly placed In a lyophtlizer where 
appropriate thermocouples were attached. 

The vials were frozen to between -35* and *45*C. The lyophilization cycle was completed, and the . 
vials were mechanically sealed under a vacuum. 

Example 2 

This example illustrates a recovery, purification and formulation process which corresponds to that 
outlined in Rgure 2. The procedure essentially mows that of Example 1 for the recovery and purification of 
the recombinant IL-2 up to the desalting step with the differences noted below. As the procedures In this 
example were not perfonmed. it is expressed in the present case. 

In the paste solut>ilization step. 2% sodium laurate rather than 5% SDS is empi pyed at pH 9.0. The 
reduction step is carried out at pH 9.2 with 1-2% sodium laurate rather than 5% SDS. The buffer for the first 
S200 column is 20 mM Tris • HCI and Is carried out at pH 9.2 wherein 1-2% sodium laurate rather than 
0.1% SDS is emptoyed. Also the oxidation step and solubilization steps are carried out at pH 9.2 in 20 mM 
Tris • HCI; and for the solubilization step 1-2% sodium laurate is employed instead of 1% SDS. There is a 
centrifugatton and filtration step just prior to RP-HPLC to remove precipitated sodium laurate. The second 
S200 column is also run in 20 mM Tris * HCI at pH 9.2 wherein 0.1-0.5% sodium laurate rather than 0.1% 
SDS is used. 

Instead of running the G-25 column at pH 9-9.2 as in Example 1, the pH of the IL-2 pool is then 
adjusted to pH 3. The sodium laurate precipitates and is removed by centrifugation and filtration. The IL-2 
pool is then stabilized with 0.1% Triton X305 and incubated for 15 minutes. Then the desalting step is 
performed on the G-25 column employing 20 mM acetate. 

Then In immediate and continuous sequence the pH Is raised to 7.0 with NaOH; 5% mannitol is added: 
the solution is pre-filtered and then sterile filtered through a 0.45 uM nitrocellulose filter and 0.22 uM filter, 
respectively: and then lyophilized. 

The primary advantage of the procedures of this example is to arrive at a formulation that is completely 
free of SDS. 

Example 3 

This example illustrates a method of screening for non-ionic biocompatible polymeric detergents or 
combinations of such non-ionic biocompatible polymeric detergents as solubilizer/stabilizers for the phar- 
maceutical compositions of this invention. 

Des-alai -IL-2 «„i25 solutions were prepared essentially according to the procedures of Example 1. up to 
but not Including the step of bulking/stabilizing agent addition. Thus, the lL-2 pool was desalted in a Q-25 
column equilibrated with 0.1% sodium laurate in 10 mM Tris • HCI at pH 9 to 9.2. The des-alai -IL-2 ttri2s 
peak was collected. The pH of the eluate was then lowered quickly vrith 1.0 N HCI to pH 3.0, at which point 
the sodium laurate transfer component precipitated. The samples were centrifuged and filtered to remove 
the preciprtate, and then an appropriate amount of th candidate non-ionic tuocompatibi polymeric 
detergent as indicated in Table 1 was added to the samples. 

The pH of the samples wer then rais d to that indicated in Table 1 for each repres ntative stabilized 
solution and allowed to stand overnight Solubility of the stabilized solutions was then checked the next day 
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visually and by UV scan. Table l indicates the results of such solubility testing for r presentative stabilized 
solutions. No precipitation was observed by eye or by UV scan for any of the r pr sentative stabilized 
solutions listed in Table 1. 

5 TABLE I 



Triton® X405 

1 mg/ml of IL-2 Remains soluble at pH 7.0 overraght at room temperature 


0.1% 
(v/V) 


Triton® X305 

1 mg/ml of IL>2 Remains soluble at pH 7.0 overnight at room temperature 


0.1% 
(v/v) 


PEQ (4000) Monostearate 

1 mg/ml IL-2 Remains soluble a! pH 7.0 for 24 hours at room temperature 


0.1% 
(wtAf) 


PEQ (4000) Monostearate 

0.2 mg/ml IL-2 Remains soluble by UV scan at pHs 6 and 7 for 24 hours at room temperature 


0.05% 
(wtA^) 


PEG (4000) Monostearate 

0.42 mg/ml IL*2 Remains soluble at pHs and 7 for 24 hours at room temperature 


0.01% 
(wtA^)6 



Example 4 

The procedures of Example 3 were repeated with each of the following concentrations (weight/volume) 
25 of PEG (4000) monostearate: 

0,01% 

0.05% 

0.1% 

0.5% and 
30 1.0%. 

The procedures were then repeated with each of the concentrations of PEG(4000) monostearate. except 
that the pH was raised to 5 and 6 respectively, instead of 7. At pH 5. 6 and 7, UV scan results indicated that 
the solubility at all such concentrations with PEG (4000) monostearate was acceptable, that Is. the iL-2 
protein stayed in solution after 24 hours. 
35 The procedures outlined above in this example were repeated wherein the tL-2from the second S-200 
column was at a concentration of 0.2 mg/rnl.. The IL-2 remained soluble at pHs 5. 6 and 7. and at all 
concentrations of the PEG (4000) monostearate listed atx)ve. 

Example 5 

40 

Ultracentrifugation Data 

Ultracentrifugation is a simple method of detecting the p resence of high molecular weight aggregates 
and oligomers. Ultracentrifugation was performed in a Beckman L8-70 using a type 70.1 Ti rotor. Rve 
45 milliliter samples of the stabilized solutions listed above in Table 1 were spun at 55.000 rpm for one hour. 
The supernatant was measured by absorbance at 280 nm. Said absorbance was then compared to that 
prior to centrifugation. Table 2 below sIk>ws the results of such testing. 



55 
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TABLE 2 



Ultracentrifugation 55,000 rpm - 60 min. 


SampI s 


% Recovery 


0.1% Triton* X405 pH 7.0 0.25 mg/ml IL-2 

0.1% Triton® X305 pH 7.0 0.25 mg/nril IL-2 

0.05% PEG (4000) monostearate 0.2 mg/ml IL>2 pH 6 and pH 7 

0.01 % PEG (4000) monostearate 0.4 mg/mi IL-2 pH 6 

0.01% PEG (4000) monostearate 0.4 mg/ml IL-2 pH 7.0 


dS% 

91% 

100% 

86.9% 

91.1% 



The results in Table 2 indicate that all the representative stabilized IL-2 solutions contain very low levels or 
no aggregates or oligomers. Acridine orange assays for SOS in the PEG (4000) monostearate compositions 
fs at concentrations of 0.05% (0.2 mg/hni IL-2) and 0.01% (0.4 mg/m\ tL-2) showed less than 1 ug/mg of SDS. 

Example 6 

Bioassay 

20 

Representative stabilized solutions of this invention as listed in Table 1 alMve were tested by bioassay 
as described in Gillis et at.. J. Immunol. . 120:2027-2032 (1976). The results are indicated In Table 3 below. 

TABLE 3 

25 



30 



Bioassay Results 


Composition 


IL-2 Concentration 


Units/^g 


Triton® X405 (0.1% pH 7) 
Triton® X305 (0.1% pH 7) 
PEG (4000) monostearate (0.1% pH 7) 


0.25 mg/ml 
0.25 mg/ml 
0.4 mg/iml 


2.44 X 
1.17x10^ 
^ 1.80x10' 



35 Example 7 . 

Representative stabilized solutions as listed in Table 1 above were tested by reverse-phase high 
pressure liquid chromatography (RP-HPLC). sodium dodecyl isulfate polyacrylamide gel electrophoresis 
(SDS-PAGE). and Western blot with an anti-des-alai-IL-2B«i2s monoclonal antibody. 
40 The Western blots indicated that the solutions stabilized with Triton® X305 and Triton® X405 (0.1% with 
0.25 mg/ml IL-2) were roughly equivalent to compositions of IL-2 witih 0.1% laurate (0.25 mg/ml IL-2) and 
0.1% SOS (0.25 mg/ml IL-2). 

Example 8 

45 

For each of the following representative stabilized IL'2 solutions listed In Table 3 t>elow. 5 ml of the 
eluate from the second S-200 column in the IL-2 purification process as described in Example 1, containing 
1.32 mg/ml of IL-2. was loaded onto a Sephadex G*25 column equilibrated In the buffer specified. No 
transfer component was used in the elution buffer. Between the running of each 5 ml IL-2 sample, the G-25 
60 column was washed with 50 ml 0.1 N MaOH. 

All samples were assayed by acridine orange. [Sokoloff et ai.» "Rapid Spectrophotometric Assay of 
Dodecyl Sulfate Using Acridine Orange." /Vnal. Biochem. . 118:138-141 (1981).] No SDS was detectable in 
any of the representative formulations. 

The results of such experiments are recorded below in Table 3. Any inaccuracies in the recovery data 
55 can t>e attributed to buffer atasorbance. 
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TABLE 3 



Solubilizer/Stabilizer 


pH 


Buff r 20 mM for ach 


Recovery of IL-2 


0.1 % Triton® X305 


7.0 


phosphate 


110% (0.54 mg/ml)~ 


0.1% Triton® X305 


9.0 


Tris • HCI 


56% <0.18 mg/ml) 


0.1% MaPEG 


5.0 


citrat6 


102% (0.28 mgAnI) 


0.1% Triton® X305 


5.0 


citrate 


100% (0.24 mgfm\) 


0.1% Triton® X305 


3.0 


citrate 


118% (0.26 nng/knl) 



This example indicates that SDS can be effectivety removed by desalting the S-200 IL-2 pool over a 
wide pH range. The results further indicate that the representative biocompatible non-ionic polymeric 
detergents can solubilize IL-2 over a wide pH range. 

Example 9 

This example illustrates another preferred process (outlined in Figure 3) for recovering, purifying and 
fonmulating recombinant IL-2, wherein the IL-2 is denatured and renatured with guanldine hydrochloride. 

The process of this example follows the procedure of Example 1 above (outlined in Figure 1) through 
the preparative RP-HPLC step. Then, phosphate buffer was added to the HPLC pool to neutralize the pH, 
resulting in the formation of a u recipitate (*'HPLC paste*"), which was recovered by centrlfugation as a 
pellet. . 

Approximately one gram of the HPLC paste was washed and repelleted two times with 100 ml of 0.1 M 
citrate buffer (pH 6.5). The pellet was then dissolved in 100 ml of 7 M guanidine (10 mM citrate buffer). Rne 
particles were removed by filtering through a 0.2 micron filter. An additional 600 ml of guanidine buffer was 
added to the filtered solution, which was then diafiltered with a 1 square foot YM-10 spiral cartridge 
(Amicon). Cold citrate buffer (10 mM, pH 6.5) with 2.5% sucrose was used as the exchange buffer. The 
diafiltration rate was approximately two volume changes per hour. After six volume changes a cloudy 
solution was obtained which was then filtered through a 0.2 micron Nalgene flat fitter with a prefllter insert A 
yield of approximately 80% (800 ml, 1.12 mg/imi) was obtained. 

Preparative ion exchange chromatography was performed on the diafiltered HPLC solubilized paste on 
a Pharmacia® Fast Flow CM Sepharose column. Buffers used for gradient ehition were pH 6.5 citrate buffer 
and citrate buffer with NaO (0.04 to 0.5 M). 

The ion exchange pool was then desalted on a G-25 Sephadex® column into 10 mM citrate buffer at pH 
6.5. The desalted IL-2 pool was then stabilized by the addition of 0.2% Tween® 80 (volume/volume 
concentration) and 1% sucrose (weight/weight concentration). The pool was then sterile filtered through a 
0.2 um cellulose acetate filter. Immediately therafter the correct dosage amounts of the IL-2 (des-alai-IL- 
2seri25 at 1.0 mg/ml) were asepticaJly filled Into sterilized vlais vsrith sterilized stoppers under sanitary and 
sterile conditions, which were carefully monitored. The vials were then quiclcly placed in a lyophilizer where 
thermocouples were attached. The vials were frozen to between -35* and -45 *C. The lyophtlization cycle 
was completed, and the vials were mechanically sealed under a vacuum. 

Example 10 

The formulations containing 1 mg/ml IL-2 listed in Table 4 below were prepared essentially according to 
Example 9 and tested by ultracentrifugation as outiined in Example 5. Unformulated lL-2 extracted and 
purified according to Example 9 serves as a control. The results shown in the Table 4 indicate that all the 
representative stabilized IL-2 solutions contain very low levels or no aggregates, dimers or ofigomers. 
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TABLE 4 





Uttracentrifugation Data 


5 


Formulation 


% Recovered 




Unformulated IL-2 


93% 1 1.5% 




0.05% Tween« 80 2% sucrose 


88% 




0.2% Tween9 80 1% sucrose 


87% t 3% 


10 


0.1% MaPEG 1% sucrose 


87% t 6% 



Example 1 1 

IS A light scattering turbidity assay was used to measure the turt>idity of sample formulations of this 
invention by using a fluorometer to measure the amount of tight (510 nm) scattered from a sample 
formulation at 90 " . Representative lyophilized formulations listed in Table 5 were held at 4 • C» reconstituted 
with distilled water and measured by the light scattering turbidity assay immediately and four hours after 
reconstitution (at room temperature). Indicated in Table 5 for each formulation are the pH, the selected non- 
20 ionic detergents and their concentrations (in v/v terms except for MaPEQ which is expressed in wt/vol 
terms), and the selected bulking/stabilizirtg agents and their concentrations (wt/vol). The formulations were 
prepared just as outlined in Example 9. except that the desired concentrations of the selected non-lonic 
detergents are substituted for the 0.2% Tween® 80, and for those formulations indicated to be at pH 3.5. 
the non-ionic detergent and bulking/stabilizing agent were added in 10 mM citric acid at pH 3.5 thereby 
2S resulting in formulations at pH 3.5. The results listed in Table 5 are an average of 6 vials oi each 
representative formulation containing 1 mg/ml of IL-2. 

The assay is premised on turtM'dity being indicative of the presence of precipitates, particulates, 
aggregates and oligomers. The turbidity is measured in units wherein formulations registering below 1000 
units are clear to the eye and wherein a difference of plus or minus 25 units is not considered statistically 
30 significant. The results indicate that alt of the representative lyophilized formulations are clear to the eye 
and that none increase significantly in turbidity upon standing at room temperature after reconstitution. 

TABLES 



Light Scattering Turbidity Assay 


Formulation 


Initial Scattering 


Scatter After 4 Hours 






Room Temperature 


0.05% Tween« 80 2% sucrose pH 6.5 


176 


239 


0.2% Tween® 80 1% sucrose pH 6.5 


23 


30 


0.1% MaPEG 1% sucrose pH 6.5 


56 


61 


0.02% Tween® 80 1% sucrose pH 3.5 


20 


8 


0.1% Tween® 80 1% sucrose pH 3.5 


29 


0 



Example 12 

Representative formulations of this invention (1 mg/ml of lL-2) prepared essentially as descrit)ed in 
so Example 9 are listed in Table 6 with bioactivity results according to the HT-2 cell proliferation assay as 
described in Gillis et al.. supra . The results are an average of three samples of each representative 
formulation. Bioactivity data were collected at the start of the stability data and at 5 weeks; the samples 
were maintained respectively at 4* C. 25* C and 37* C. As the results in Table 6 indicate, the bioactivity of 
the (ormulatlons remained essentially constant over time and with increased storage temperature. The 
55 reconstituted sample formulations had the same bioactivity as preformulat d IL-2 extracted and purifi d 
according to Example 9. 
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TABLE 6 



Bioactivity Data In U/mg 


Formulation 


initial 


Five Weeks 




25* C 


37-C 


0.05% Tween® 80 2% sucrose 
0.1% MaPEG 1% sucrose 


1.3 X 10^ 
1.6 X lO' 


1.3 X lO' 
1,4x10^ 


1.3 X lO' 
1.2 X lO' 


1.3 X lO' 

1.4 X lO' 



15 



S5 



30 



45 



SO 



Conclusion 

In summary, it can be seen that the IL-2 formulations of the present invention containing, as 
stabilizing/solubilizing agents, btocompatibie non-ionic polymeric detergents, screened according to the 
processes of the instant invention, are desirable, stable pharmaceuticai compositions. Such compositions 
further can comprise a polyol as a bulking/stabilizing agent and be lyophiltzed. Formulation processes are 
also descnt>ed herein which result in formulations having very low level of aggregates and minimal or no 
amounts of strong detergent solubilizing agents such as SDS. The formulatk>ns of this invention are further 
non-toxic and have good shelf life. 

Deposits , 

As mentioned above, a culture of E. coli K12/MM294-1 carrying ptasmid pLW45 was deposited at the 
American Type Culture Collection 12301 Parklawn Drive. Rockville. MD 20852. US. on March 4. 1984 under 
ATCC No. 39.626. 

Said deposit was made pursuant to a contract between tfie ATCC and the assignee of this patent 
application, Cetus Corporation. The contract with the ATCC provides for permanent availability of said strain 
and progeny thereof to the public upon Issuance of a U.S. patent related to this application describing and 
identifying the deposit or upon the publication or laying open to the public of any U.S. or foreign patent 
application, whichever comes first and for the availability of the strain and the progeny thereof to one 
determined by the U.S. Commissioner of Patents and Trademarks to t>e entitled thereto accordirig to 35 
use §122 and the Commissioner's rules pursuant thereto (including 37 CFR §1.14 with particular reference 
to 886 OG 638). The assignee of the present application has agreed that if the strain on deposit should die 
or be lost or destroyed wfien cultivated urKler suitable conditions, it will be promptly replaced upon 
notification with a viable culture of the same strain. 

The deposit under the terms of the Budapest Treaty assure that said culture deposited will be 
maintained in a viable and uncontamlnated condition for a period of at least five years after the most recent 
request for the furnishing of a sample of the deposited microorganism was received by the ATCC and, in 
any case, for a period of at least 30 years after the date of the deposit. 

The strain has been made available since May 21, 1985. Availability of the deposited strain is not to be 
construed as a license to practice the invention in contravention of the rights granted under the authority of 
any government in accordance with its patent laws. 

Also, the present invention is not to be considered limited in scope by the strain deposited, since the 
deposited emt>odiments are intended only to be illustrative of partk:ular aspects of the invention. Any 
microorganism strain which is functionally equivalent to tfiose deposited are considered to be within the 
scope of this invention. 

Claims 

aalms for the following Contracting States : AT, BE, CH. DE, FR, QB, IT, U, LU, NL, SE 

1. An aqueous, stable pharmaceutical composition of matter suitable for parenteral administration to 
animals or humans comprising a therapeutically effective amount of recombinant interieuktn-2(IL-2) 
protein dissolved in a solution having an inert carrier medium comprising as a sotubilizer/stabiliz r an 
effective amount of one or more btocompatit>le non-ionic polymeric detergents which are octylphenoxy 
polyethoxy ethanol compounds: polyethylen glycol monostearate compounds: or polyoxyethylene 
sorbitan fatty ackl esters. 
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Z The ccMnposition according to claim 1 which is lyophilized. 

3b The composition according to claim 2 which is lyophilized in a crystallin environment 

5 4. The composition according to claim 2 which is lyophilized in an amorphous environment 

5. The composition according to any one of claims 1-4 wherein said octylphenoxy polyethoxy ethanol 
compounds have the formula 

10 
IS 

wherein n is in integer from 15 to 50; 

said polyethylene glycol monostearate compounds have the formula 



H-(0CH2CH2)n-0-C-{CH2)i6-CH3 

25 

Wherein m is an integer from 10 to 200; and 

said polyoxyethylene sorbitan fatty add esters have the formula 



CMj(0C2H4)J 

\ T^CHCOCoH.) OH 



wherein the sum of the integers w, x. y and z equals 20 and H is a fatty acid ester radical having from 
40 10 to 20 cart>on atoms. 

6. The composition according to claim 5 wfierein n is an integer from 25 to 45; m is an integer from 50 to 
150; and R is a fatty acid ester radical having from 12 to 18 cart)ons atoms. 

45 7. The composition according to claim 6 wherein n is an integer from 30 to 40; m is an integer from 75 to 
125: and R is the fatty acid ester radical of lauric add or oleic add. 

a The composition according to any one of claims 1-7 wherein the concentration (vA^ or ¥rt/v) range of 
said biocompatible non-iontc polymeric detergents is from 0.001% to 5%. 

so 

Claims for the following Contracting State : ES 

1. A method for preparing an aqueous, stable pharmaceutical composition of matter suitable for parenteral 
administration to animals or humans comprising dissolving a therapeutically effective amount of 
55 recombinant interieukin-2(IL-2) protein in a solution having an inert carrier m dium comprising as a 
solubiiizer/stabilizer an effectiv annount of one or more biocompatible non-ionic polymeric detergents 
which are octylphenoxy polyethoxy ethanol compounds; polyethylene glycol monostearate compounds; 
or polyoxyethylene sorbilan fatty acid esters. 
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2. The m thod according to claim 1 wherein the pharmaceutical composition is lyophilized. 

3l The m thod according to claim 2 wher in the pharmaceutical composition is lyophiliz d in a crystalline 
environm nt. 

4. The method according to claim 2 wherein the pharmaceutical composition is lyophilized in an 
amorphous environment 

5. The method according to any one of claims 1 to 4 wherein said octylphenoxy polyethoxy ethanol 
compounds have the formula 



C8Mi7-^(0CH2CH2)„-0Hj 

i 

wherein n is an integer fron> 15 to SO: 

said polyethylene glycol monostearale compounds have the formula 

0 

H-(0CH2CH2)„-0-C-(CH2)i6-CH3 



wherein m is an integer from 10 to 200; and 

said polyoxyethylene sorbitan fatty add esters hawe the formula 



CH2(0C2H4)^ 



^ J — CH(OC2H4)jjOH 
HO(OC2H4)y— * (0C2H4)j0H , 



Wherein the sum of the integers w. x, y and z equals 20 and R is a fatty acid ester radical having from 
10 to 20 carbon atoms. 

6. The method according to claim 5 wherein n is an integer from 25 to 45; m is an integer from 50 to 150: 
and R is a fatty acid ester radical having from 12 to 18 cart>on atoms. 

7. The method according to claim 6 wherein n is an integer from 30 to 40: m is an integer from 75 to 125: 
and R is the fatty acid ester radical of tauric acid or oleic acid. 

& The method according to any one of claims 1 to 7 wherein the concentration <v/v or wt/v) range of said 
biocompatible non-ionic polymeric detergents is from 0.001% to 5%. 

Claims for the following Contracting State : GR 

1. A method for preparing an aqueous, stable pharmaceutical composition of matter suitable for parenteral 
administration to animals or humans comprising dissoMng a therapeutically effective amount of 
recombinant interleukin-2(IL-2) protein in a solution having an inert carrier medium comprising as a 
solubilizer/stabilizer an effective amount of one or mor t>tocompatibl nor»-ionjc polym ric detergents 
which ar octylphenoxy polyethoxy ethanol compounds: polyethylene glycol nrKmostearate compounds; 
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or polyoxy thylena sorbitan fatty acid stars. 

2. The method according to claim i whereir) the pharmaceutical composition is lyophilized. 

5 3. The method according to claim 2 wherein the pharmac utical composition is lyophilized* in a crystalline 
environment. 

4. The method according to claim 2 wherein the pharmaceutical composition is lyophilized in an 
amorphous environment. . 



10 



15 



25 



3$ 



a The method according to any one of claims 1 to 4 wherein said octylphenoxy polyethoxy ethanol 
compounds have the formula 



wherein n is an integer from 15 to 50: 

said polyetliylene glycol monostearale compounds have the formula 



H-{0CH2CH2),-0-C-(CH2)i6-C«3 



wherein m is an integer from 10 to 200; and 
30 said polyoxyethylene sorbitan fatty add esters have the formula 



CH2(0C2H4)^ 

\ 1 CH(0C2H4)jj0H 
HOCOCjH^)^ — ^— ' (0C2H4),0H 



40 wherein the sum of the integers w, x» y and z equals 20 and R is a fatty add ester radical having from 
10 to 20 carbon atoms. 

$. The method according to claim 5 wherein n is an integer from 25 to 45; m is an integer from 50 to 150: 
and R is a fatty acid ester radical having from 12 to 18 cartx>n atoms. 

45 

7. The method according to claim 6 wherein n is an integer from 30 to 40; m is an Integer from 75 to 125; 
and R is the fatty acid ester radical of lauric acid or oleic acid. 

& The method according to any one of claims 1 to 7 wherein the concentration (v^ or wt^) range of said 
so biocompatible non-ionic polymeric detergents is from 0.001% to 5%. 

9. Use of a therapeutically effective amount of recombinant interleukin-2 (IL-2) protein dissolved in a 
solution having an inert carrier medium comprising as a solubilizer/stabilizer an effective amount of one 
or more biocompatible non-ionic polymeric detergents which are octylphenoxy polyethoxy ethanol 
55 compounds; polyethylen glycol monost arate compounds; or polyoxyethylene sorbitan fatty acid 
esters for preparing a pharmaceutical composition of matter suitable for parenteral administration to 
animals or humans. 
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R vendicatlons 

R V ndlcatlons p ur ies Etats conlractants sulvants : AT, BE, CH, DE, FR, GB, IT, U, LU, NL» SE 

1. Composition pharmaceutique aqu use stabi de matidre propre ^ I'administration parent^rala aux 
animaux ou aux §tr s humains. comprenant une quantity th^rapeutiquement efficace d la protein 
interleukine 2 (IL-2) recombinante dissoute dans une solution comprenant un nr^iiieu v^htcutaire inerte 
contenant comme sotubilisant/stabtlisant une quantity efficace d'un ou plusieurs detergents polym^res 
non ioniques biocompatlbfes qui sent des octylph^noxypoly^thoxyethanols. des monost^arates de 
poly^thyl^neglycols ou des esters d*acides gras de poiyoxydthyl&nesorbitans. 

2. Composition suivant la reveridicatton 1 , qui est lyophilis^e. 

a Composition suivant la revendlcation 2, qui est lyophilis6e dans un environnement cristallin. 

4. Composition suivant la revendlcation 2, qui est lyophilis^e dans un environnement amorphe. 

5. Composition suivant Tune quelconque des revendications 1 h 4, dans laquelle Ies octylpfi^noxypolyd- 
thoxy^thanols sont de la formula : 



oO n est un entier de 15 ^ 50; 

Ies monost^arates de poly^thyl^heglycols sont de la formule : 

0 

H 

H-(0CM2CH2)„-0-C-(CH2)i5-CH3 



oO m est un entier de 10 ^ 200, et 

Ies esters d'acides gras de p6lyoxy6thyldnesort>itans sont de la formula : 



CH2(0C2H4)^ 
\ /^CH(0C2H4),0H 



oO la somme des entiers w. x, y et z est ^gale ^ 20 et R est un radical ester d'acide gras comptant 10 
& 20 atomes de cartx>ne. 

6. Composition suivant la revendlcation 5. dans laquelle n est un entier de 25 d 45; m est un entier de 50 
2i ISO; et R est un radical ester d'acide gras comptant 12 18 atomes de cartwne. 

7. Composition suivant la revendlcation 6, dans laquelle n est un entier de 30 & 40; m est un entier de 75 
^ 125; et R est le radical ester d'acide gras de Tacide laurique ou de Tacide ol^ique. 

8. Composition suivant Tune quelconque des rev ndications 1^7. dans laquelle rintervalie de concentra- 
tion (vAf ou pA^) des ddterg nts polymer s non ioniques biocompatibles st de 0.001% h 5%. 
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Revendicatlons pour I'Elat contractant sulvant : ES 

1. Proc^dd de preparation d*une composition pharmaceuttque aqueus stable d matifrr propre h 
radministration par ntdrale aux animaux ou aux §tres humains. qui comprend ia dissolution d'un 
quantity th^rapeutiquement efficace de la prot^ine int rl ukine 2 (IL-2) recombinante dans un solution 
comprenant un milieu v^hicutaire inerte corrtenant comme solubitisant/stabilisant une quantity efficace 
d'un ou plusieurs detergents polym^res non ioniques biocompatibles qui sont des octyiphenoxypolyd- 
thoxyethanols. des monostdarates de poiy^thyl^neglycols ou des esters d'acides gras de polyoxy^thy- 
l§nesorbitans. 

2. Proc^de sulvant la revendrcation 1 . dans lequel la composition pharmaceutique est lyophilis^e. 

a Precede suivant la revendication 2. dans lequel la composition phamiaceutique est lyophilis6e dans un 
environnement cristallin. 

4. Proc6d6 suivant la revendication 2. dans lequel la composition pharmaceutique est tyophilisde dans un 
environnement amorphe. 

fi. Proc^de suivant I'une quelconque des revendications 1^4. dans lequel les octylpti^noxypoly^thoxy^ 
tfianols sont de la formule : 



ou la somme des entiers w. x. y et z est ^gale 2i 20 et R est un radical ester d'acide gras comptant 10 
^ 20 atomes de carbone. 

& Proc^dd suivant la revendication 5, dans lequel n est un entier de 25 & 45; m est un entier de 50 & 
150: et R est un radical ester d'acide gras comptant 12 ^ 18 atomes de carbone. 

7. Proc^de suivant la revendication 6. dans lequel n est un entier de 30 d 40: m est un entier de 75 2i 
125; et R est le radical ester d'acide gras de Taclde lauhque ou de Tacide oieique. 

8. Proc^de suivant I'une quelconque des revendications 1^7. dans lequel rinten/alte de concentration 
(v/v ou pAr) des det rgents polym&res non ioniques biocompatibles est de 0.001% h 5%. 




oCi n est un entier de 15 h 50: 

les monost^arates de poly^thyl^neglycols sont de la formule : 



0 

It 

H-(OCH2CK2)o-0-C-(CH2)i5-CH3 



oO m est un entier de 10 k 200. el 

les esters d'acides gras de polyoxy^thyl^nesorbitaris sont de la fonmule : 




CH2(0C2H4)^ 
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R vendicati ns pour l*Etat c ntractant suivant : OR 

1. Proc^d^ de preparation d'un compositior) pharmaceutique aqueus stable d matifer propre h 
■'administration parant^rale aux animaux ou aux §tres humatns. qui comprend la dissolution d'une 

5 quantity thdrapeutiquement elficace d la prot^ine interleukine 2 <IL-2> r combinant dans une solution 
comprenant un milieu v^hiculaire inerte contenant comme solubillsant/stabilisant une quantity efficace 
d'un ou ptusiaurs detergents pplym&res non ioniques biocompatibles qui sont des octylph6noxypoly6- 
thoxy^thanols. des monostearates de poly^thyl^neglycols ou des esters d*acides gras de polyoxydthy- 
l^nesorbitans. 

10 

2. Precede suivant la revendication 1 , dans lequel la composition pharmaceutique est lyophilis^e. 

a Precede suivant la revendication 2. dans lequel la composition pharmaceutique est lyophilis^e dans un 
environnement cristallin. 

ys 

4. Precede suivant la revendication 2, dans lequel la composition pharmaceutique est lyophilisee dans un 
environnement amorphe. 



5. Precede suivant I'une quelconque des revendications 1^4. dans lequel les octylphenoxypolyethoxye- 
20 thanols sont de la formule : 



25 



30 



35 



oO n est un entier de 1 5 ^ 50; 

les monostearates de polyethyieneglycols sont de la formule : 



H-(OCH2CH2)b-0-C-(CH2)i5-CH3 



oO m est un entier de 10 & 200. et 

les esters d*acides gras de polyoxyethyl&nesorbitans sont de la formule : 



\ /"~ CH(OC2H4),OH 
H0{0C2H4)y (0C2H4),0H 



ou la somme des entiers w, x. y et z est egale ^ 20 et R est un radical ester d'acide gras comptant 10 
50 ^20 atomes de cart)one. 

6. Precede suivant la revendication 5. dans lequel n est un entier de 25 ^ 45: m est un entier de 50 
150; et R est un radical ester d'acide gras comptant 12 d 18 atomes de carbone. 

55 7.. Procede suivant la revendication 6. dans lequel n st un entier de 30 d 40: m est un entier d 75 & 
125; et R est le radical ester d'acide gras de I'acide laurique ou de I'acide oieique. 

& Precede suivant Tune quelconque des revendications 1^7. dans tequ I I'intervalle de concentration 
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(vA^ ou p/v) des detergents polym^res non ioniques biocompatibles est de 0.001% h 5%. 

a Utilisation d'une quantity th^rapeutiquem nt efficace de la prot^ine interleukine 2 (11*2) recombinant 
dissoute dans une solution comprenant un milieu 'v6hiculair ineite contenant comm 
solubilisant/^tabilisant une quantity fficac d'un ou ptusi urs detergents polymer s non ioniques 
biocompatibles qui sont des octyiphenoxypotyethoxyethanols. das monostearates de poty^thyl^negly- 
cots ou des esters d*acides gras de polyoxyethyl^nesorbttans pour la preparation d*une composition 
pharmaceutique de mati&re propre ^ I'administration parentdrale aux animaux ou aux dtres humains. 

PatentansprUche 

Patentansprtlche fUr folgende Vertragsstaaten : AT, BE, CH, DE. FR, GB, IT, U tU, NU SE 

1. Wd0riges. stabiles Arzneimittel. das fOr die parenterale Verabreichung an Tiere oder Menschen 
geeignet ist. enthaKend eine therapeutisch wirksame Menge an rekombinantem lnterteukin-2(IL-2)- 
Protein geldst in einer Ldsung. die etn inertes Tr9gefmedium aufwetst. welches als 
L5sung$vermfttler/Stabiiisator eine wirksame Menge eines Oder mehrerer biokompatibler nicht-ionischer 
pplymerer Oetergentien enthSlt. nSmlich Octylphenoxypolyethoxyettianol-Verbindungen, 
Polyethylenglykolmonostearat-Verbindungen oder Polyoxyethylensorbitanfettsdureester. 

2. Arzneimittel nach Anspruch 1. das gefriergetrocknet vorliegt. 

3. Arzneimittel nach Anspruch 2, das in kristalliner Umgebung gefriergetrocknet vorliegt 

4. Arzneimtttel nach Anspruch 2. das in amorpher Umgetuing gefriergetrocknet vorliegt 

5. Arzneimittel nach einem der AnsprOche 1 bis 4, wok)ei die Octylphenoxypolyethoxyethanol-Verbindun- 
gen die Forme! 



aufweisen. in der die Sum me der ganzen Zahlen w. y und z gletch 20 und R ein FettsSureesterr st 
ist. der 10 bis 20 Kohlenstoffatome aufwelst. 




aufweisen. in der n eine ganze Zahl von 15 t)is 50 ist. 

die Polyethylenglykotmono$tearat*Vert>indungen die Formel 



H-(0CH2CII2)b-«-^-^^"2H6-<^"3 



aufweisen. in der m eine ganze Zahl von 10 bis 200 ist 
und die PolyoxyethylensorbitanfettsSureester die Formel 




CH2(0C2H4)^ 
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6. Arzneimittel nact) Anspruch 5. wobei n ein ganze Zaht von 25 bis 45. m eine ganze Zah\ von 50 bis 
150 und R ein Fettsaureesterrest ist. der 12 bis 18 Kohlenstoffatonne aufweist. 

7. Arzneimittel nach Anspruch 6, wobei n etne ganze Zahl von 30 bis 40. m ine ganze Zaht von 75 bis 
5 125 und R der Fettsaureesterrest der LaurinsSure Oder OlsSur ist. 

& Arzneimittel nach einem der AnsprOche 1 bis 7. wobei der Konzentrationsbereich (VolTVol. Oder 
GewTVol.) des biolcompatiblen nicht-ionischen potymeren Detergents sich von 0.001 % bis 5 % 
erstreckt. 

PatentansprUche fUr folgenden Vertragsstaat : E5 

1. Verfahren zur Herstetlung eines w96rigen, stabilen Arzneimittets. das fUr die parenterale Verabreichung 
an Tiere Oder Menschen geeignet ist. umfassend das L6sen einer therapeutisch wirksamen Menge an 
15 rekombinantem lnterleul(in-2(IL-2hProtein in einer Ldsung, die ein inertas TrSgermedium aufweist. 
welches als LdsungsvermittleryStabillsator eine wirksame Menge eines Oder mehrerer biokompatibler 
nicht-ionischer potymerer Detergentien enthSIt, namlich Octylphenoxypotyethoxyethanol-Verbindungen. 
Polyethylenglykolmonostearat-Verbtndungen Oder Poiyoxyethylensorbitanfettsdureester. 

20 2. Verfahren nach Anspruch 1. wot»ei das Arzneimittel gefriergetrocknet wird. 

3. Verfahren nach Anspaich 2. wobei das Arzneimittel in kristalliner Umgebung gefriergetrocknet wird. 

4. Verfahren nach Anspruch 2, wobei das Arzneimittel in amorpher Umgebung gefriergetrocknet wird. 

25 

5. Verfahren nach einem der AnsprUche 1 bis 4, wot>ei die Octylphenoxypolyethoxyethanot-Verbindungen 
die Formet 



aufweisen. in der n eine ganze Zahl von 15 bis SO ist. 
35 wobei die Poiyethylengtykolmonostearat-Verbindungen die Formel 



60 



0 

H.{0CH2CH2)a-0-C-tCH2)i6-CH3 



aufweisen. in der m eine ganze Zahl von 10 bis 200 ist 
und die Polyoxyethylensort>itanfettsSureester die Formel 



CH2(0C2H4)^ 

^ /'~ CH(0C2H4)x0H 
H0(0C2H4)y (OC2H4)jOH 



aufweisen. in der die Summe der ganzen Zahlen w, x. y und z gleich 20 und R ein Fettsdureesterrest 
65 ist. der 10 bis 20 Kohlenstoffatome aufweist 

6. Verfahren nach Anspruch 5. wdbei n eine ganze Zahl von 25 bis 45, m ine ganze Zahl von 50 bis 150 
und R ein Fettsaureesterrest ist. der 12 bis 18 Kohlenstoffatome aufweist 
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7. Verfahren nach Anspruch 6. wobei n eine ganze Zahl von 30 bis 40. m eine ganze Zahl von 75 bis 125 
und R der Fettsdureesterrest der LaurinsSure od r OlsSure ist. 

8. Verfahren nach einem der AnsprOche 1 bis 7, wobei der Konzentrationsbereich (VolTVol. Oder 
GewTVol.) des biokompatiblen nicht-ionischen polymeren Detergents sich von 0.001 % bis 5 % 
erstreckt. 

Patentanspriiche lUr folgenden Vertragsstaat : OR 

1. Verfahren zur Herstellung eines wSBrigen, stabilen Arzneimittels. das fOr die paremerale Verabreichung 
bei Tleren oder Menschen geeignet ist, umfassend das L6sen einer therapeutisch wirksamen Menge an 
relcomblnantem lnterleulcin-2(IL-2)-Protein in einer Losung, die ein inertes TrSgermedium aufweist, 
welches als Ldsungsvenmittter/Stabtfisator eine wirksame Menge eines oder mehrerer biokompatibter 
nicht-ionischer polymerer Oetergentien enth^lt. nSmtich Octylphenoxypolyethoxyethanot-Verbindungen. 
Polyethylenglykolmonostearat-Verbindungen oder PoiyoxyethylensorbitanfettsSureester sind. 

2. Verfahren nach Anspruch 1 , wobei das Arzneimittel gefriergetrocknet wirdi 

a Verfahren nach Anspruch 2, wobei das Arzneimittel In kristalliner Umgebung gefriergetrocknet wird. 

4. Verfahren nach Anspruch 2. wobei das Arzneimittel in amorpher Umgebung gefriergetrocknet wird. 

5. Verfahren nach einem der AnsprOche 1 bis 4, wobei die Octylphenoxypolyethoxyethanol-Verbindungen 
die Forme! 



aufwelsen. in der die Summe der ganzen Zahlen w. x. y und z gleich 20 und R ein Fettsaureestenrest 
ist, der 10 t>is 20 Kohlenstoffatome aufweist. 

6. VeHahren nach Anspruch 5. wobei n eine ganze Zahl von 25 l>is 45, m eine ganze Zahl von 50 bis 150 
und R ein FettsSureesten^est ist, der 12 bis 18 Kohlenstoffatome aufweist. 

7. Verfahren nach Anspruch 6. wobei n eine ganze Zahl von 30 t>is 40. m eine ganze Zahl von 75 bis 125 



aufweisen, in der n eine ganze Zahl von 15 bis SO ist: 

wobei die Polyethylenglykolmonostearat-Verbindunsen die Formel 

0 



H-(0CH2CH2)„-0-C-(CH2)j5-CH3 



aufweisen. in der m eine ganze Zahl von 10 bis 200 ist 
und die PolyoxyethylensorbitanfettsSureester die Formel 




CH2(0C2H4),^ 
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und R der FettsSureesterrest der LaurinsSure Oder OisSure tst. 

& Verfahren nach etnem der AnsprOche 1 bis 7, wobei der Konzentrationsbereich (VolTVol. Oder 
G wTVol) des biokompatibi n nicht-ionischen polymer n Detergents sich von 0,001 % bis 5 % 
5 erstr ckt. 

9. Verwendung einer therapeutisch wirfcsamen Menge eines rekombinanten interteukin-2 (lL-2)-Proteins 
g8l5st in einer L5sung, die ein inertes TrSgermedium aufweist. welches aJs 
LdsungsvermittlBr/Stabilisator eine wirksame Menge eines Oder mehrerer biokompatibler nicht-ionischer 
TO polymerer Detergentien enthSlt. namlich Octylphenoxypolyethoxyettianol-Verbindungen; 
Polyethytenglykolmonostearat-Verbindungen Oder Polyoxyettiylensorbhanfetts^ureester, zur Herstellung 
eines Arzneimittels, das fOr die parenterale Verat>reichung an Tiere Oder Menschen geeignet ist 
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I PROCESS 



FIG. 
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distilled water 
.5 bH EDTA 

2 pM EDTA IX octanol (v/v) 

1S-35S sucrose (w/w) 

10.000-20.000 X g 

5% SDS, phosphate buffered saline 

25»000-3S.000 X g 

5S SOS, 50 m OTT. 2 rH EDTA 
pH 8«5 at SO^'C for 20 minutes 

50 rM acetate, pH 5.5» 0.» SDS» 
1 bM EDTA 

Protein: CuCUt 1:3 (mole/mole) 
50 m phosphate, pH 7.0 

pH 5.5 

pH ± 3, 0*45 urn filter 

Vydac^ C*4 bonded phase silica 
gel, 2 propanol /acetic acid 

add one equivalent volume of 0.8 N 
NaOH Into HPLC pool 

solubllize HPLC precipitate In 
0.1 M Na2HP04, IX SDS^ 

50 M acetate pH 5.5» O.IX SDS, 
1 m EDTA 

pH Is raised to 9-9«5; O.IX sodium 
laurate as transfer component, 
10 on Na2HP04 

pH lowered to 3 with HC1 

(1*3 H): sodium laurate precipitates 

To remove precipitated sodium laurate 

O.IX PEG (4000) monostearate added 
at pH 3 to 3.2; Incubation 
for 15 minutes 

pH Is raised to 7,0 with NaOH 
5. OX dextrose 
0.45 i#1 
0.22 }M 
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distilled Mater 
5 m EDTA 

2 m EDTA It octanol (v/v) 

15«35S sucrose (w/w) 

10,000-20,000 X g • 

Zi sodium laurate in phosphate 
buffered saline, pH 9 

25,000-35,000 x g 

l-2t sodium laurate, 50 pH DTT, 2 nM 
EDTA pH 9«2 at SO^'C for 20 minutes 

20 m Tris * HCl, pH 9.2, 1-2S sodlun 
laurate, 1 nH EDTA 

Protein: CuCU, 1:3 (mole/mole) 
20 rM Tris • RCl, pH 9«2 

pK lowered to 3 

pH ± 3, 0*45 urn filter 

Yydac* C-4 bonded phase silica 
gel, 2 propanol /acetic acid 

add one equivalent volume of 0.8 N 
NaOH into HPLC pool 

solubillze HPLC precipitate In 

20 rH Tris * HCl, pH 9.2. 1-2% sodium 

laurate 

20 irM Tris • HCl, pH 9*2, 0.1-0 .SX 
sodium laurate, 1 rH EDTA 

Lower pH to 3.0 with HCl; sodium 
laurate precipitates 

To remove precipitated sodium 
laurate; 0.22 filter 

OaX Triton^ X305 added at pH 3.0; 
incubation for IS minutes 

pH 3.0; run in presence of non- 
ionic detergent; 20 rM acetate 
buffer 

pH is raised to 7.0 with N^H 

5.0X Hannltol 

0.45 

0.22 
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FIG. 3 



IL-2 Process 



Fennentatlon 

Cell concentration 

Cell wall and nenbrane disruption 

Diaflltratlon 

Redlsniptlon 

Sucrose suspension 

Centrlfugatlon 

Paste solubilization 

Centrlfugatlon 

Reduction 

Sephacryl* S200 column 

Oxidation 

Concentration 
Filtration 
Preparative RP-HPLC 

Preclpl tati on/cent r1 f ugati on 

Solubilization 

D1 af 11 trati on/preclpl tati on 
Filtration 

Ion exchange chromatography 

Desalting - Sephadex^ G-25 column 

Non-lonlc detergent and bulking/ 
stabilizing agent addition 

SteHle filtration 

Lyophlllzatlon 

Final container product 



Distilled water 
5 m EDTA 

2 bM EDTA 11 octanol (v/v) 

15-r35% sucrose (w/w) 

10»000-20,000 X 9 

5% SDS. phosphate buffered saline 

25,000-35. ODD x g 

S% SDS, 50 DDT, 2 m EDTA 
pH 8.5 at 50% for 20 ninutes 

50 bM acetate. pH 5.5. 0A% SDS, 

1 bM EDTA 

Protein: CuCl2t 1:3 (mole/mole) 
50 mN phosphate, pH 7.0 

pH 5.5 

pH 3. 0.45 iiin filter 

Vydac^ C-4 bonded phase silica gel, 

2 propanol /acetic acid 

Phosphate buffer added to neutralize 
pH of HPLC pool 

HPLC precipitate Is solublllzed with 
7 M guanldlne In 10 bM citrate buffer 
at pH 6.5 

To reduce guanldlne levels 

0.2 ym filter to remove precipitate 

Pharmacia^ Fast Flow CM Sepharose; 
10 mH citrate buffer, pH 6.5, 
0.04 to 0.5 H NaCl gradient 

Ion exchange pool desalted Into 
10 mN citrate buffer, pH 6.5 

0.2% Tween^ 80 and 1% sucrose added 
0.2 ym filter 
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FIG. 4 



Cells Containing IL-2 
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concentration by cross-flow filtration 
cell disruption 

diaflitratlon against delonlzed 

redlsniptlon 
i 

sucrose added to final p « 1.1 * 1.25 
i 

centrifuge (high speed) 



particle pellet (refractlle bodies) 



solubllize and reduce with SDS/DTT 
renove reducing agent by gel filtration 
oxidize^ IL-2 



purify 



iL-2 by 



RP-HPLC 



precipitate IL*2, recover paste 

1. denature IL-2 irlth chaotropic agent 

2. filter /centrifuge 



supernatant (discard) 



solids 
(discard) 



solution containing 
denatured IL-2 

renature IL-2 

purify by chronatography 

formulate %dth one or nore 
non-Ionic polymeric detergents 
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FIG. 5 



Cells Coiitalwinq Recombinant Il->2 



1. concentration by cross flow- f41trat1on 

2. cell disruption 

3. dlailltratlon against delonlzed 

4. redisruptlon 

5. sucrose added to final p • 1.1 - 1.25 

6. centrifuge (high speed) 



particle pellet (ref ractlle bodies) 

1. dissolve/denature with chaotropic 
agent and reducing agent 

2. centrl f uge 



supiematant (discard) 



pellet 
(discard) 




supernatant containing reduced 
denatured IL-2 

1. reflJve reducing agent 
by gel filtration 

2. oxiiize IL*2 

i 

3. renature IL-2 by 
diluting chaotropic agent 

4. . centrifuge 



pellet (discard) 



supernatant containing 
oxidized renatured XL-2 

purify IL*2 by RP-HPLC/ 
dialysis or hydrophobic 
Interaction chromato* 
graphy/ion exchange 
chromatography 

foraulate with one or 
Bore non-ionic polymeric 
detergents 
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